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From: Wendy Wiltse

To: Craig R. Glenn

Cc: Cindy Barger; Dan Chang; David Albright; Aly . El-Kadi; Henrieta Dulaiova; Hudson Slay; Benny Hagedorn;
Nancy Rumrill; rbabcock@hawaii.edu; Watson Okubo; Bob Whittier

Subject: Lahaina plume modelling 1993

Date: 02/24/2011 07:34 PM

Attachments: Tetra Tech 1993 Prelim Assessment Nutrient Sources.pdf

Thank you all for participating in the meeting this morning to discuss sampling of
the wastewater seeps at Kahekili. 1 do appreciate your time and expertise on these
matters. | am attaching a report from 1993 that contains some modeling of the
injected wastewater and an estimated time of travel to ocean = 10 days. Check out
the discussion on pages 33-44 and also p 69-77.
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I also checked Chip Hunt's 2010 report to identify the key pharmaceuticals that are
good indicators of sewage. They are carbamaxepine and sulfamethoxozole
(anticonvulsant and antibiotic, respectively). Chip cautions that the analyses are
costly so he only ran 4 samples. We should put our heads together to determine
the most critical need for these analyses.

Wendy

Wendy Wiltse, Ph.D.

EPA-PICO

300 Ala Moana Blvd. Box 50003
Room 5-152

Honolulu, HI 96850

Phone: (808) 541-2752

FAX: (808) 541-2712
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bridge info for our meeting it SOEST tomorrow:
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Okubo <watson.okubo@doh.hawaii.gov=>, Wendy Wiltse/R9/USEPA/US@EPA, Bob Whittier
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Executive Summary

On-land sources of nutrients may be affecting the productivity of coastal waters of the Lahaina
District of West Maui, Hawaii, The objectives of this study are 1) for screening level purposes to
direct future research, 2) for screening level purposes to make preliminary estimates of lile magni-
tude of nutrient sources and. the fractions reaching the coastal water, and 3) to identify data gaps and
recommend field programs to provide better estimates of critical data needed to quantify the nutrient
loadings. The preliminary nutrient loadings defined in this study can be used as a basis for allocat-

ing resources to further investigate the contribution of specific anthropogenic nutrient sources to the

productivity of coastal waters. Estimated nitrogen and phosphorus data in this study indicate three

primary anthropogenic nutrient sources: the Lahaina Wastewater Reclamation Facility (LWRE),

sugar cane production, and pineapple production.

These screening level estimates, however, are highly uncertain because of the limited site-specific
data available. It is not known how much nitrogen and phosphorus reaches the ocean nor are the
pathways known, As such, these estimates could be significantly in error and will be revised when
the results of actual monitoring studies become available. The two largest sources of nitrogen
applied to the Lahaina District watershed are estimated to be from fertilization of sugar cane and
pineapple crops with annual application of roughly 893,000 and 675,000 pounds of nitrogen, respec-
tivel}. The LWRF ranks third as a source of nitrogen with t.otal annual loadings estimated to be

150,000 pounds. Phosphofus data identify the LWREF effluent as the major source in the watershed

‘with annual loadings of 130,000 pounds. Pineapple and sugar cane rank second and third with

phosphorus application rates of 54,000 and 11,000 pounds per year, respectively. Application of
nitrogen and phosphorus associated with golf courses, wastewater spills, and septic/cesspool systems

were estimated to be orders of magnitude lower than these three primary sources.

Nutrient releases into the Lahaina District coastal waters were also estimated for the LWRF effluent,

sugar cane fields, pineapple fields, and golf courses using screening level models. Sugar cane, the








LWREF effluent, and pineapple were estimated to have the three largest annual nitrogen releases:
200,000, 150,000, and 76,000 pounds, respectively. Phosphorus inputs to the coastal waters were
estimated to be largest for the LWRF at 130,000 pounds per year, followed by the pineapple and

sugar cane release rates estimated at 6,500 and 4,200 pounds, respectively.

The nutrient application rates were initially estimated for the entire Lahaina District. However,
nutrient application rates were also estimated for only the Honokowai sector. The relative contribu-
tions of nutrients presented in this study were found to be the same whether the entire Lahaina

District or the Honokowai sector alone was chosen as the study area.

Estimates of nutrient application rates and nutrient release rates reveal fundamental differences
between the sources investigated. While all of the nutrient at the LWRF is applied at a continuous
point source and essentially all may be estimated to be released into offshore waters, the nutrients
from agriculture are applied intermittently over a large area and only 10% to 20% of the nitrogen
applied to sugar cane and pineapple are estimated to be released into offshore coastal waters, With
the above noted application rates and these release percentages, approximately equal nutrient load-
ings in the coastal waters are estimated for the three major sources: LWREF, sugar cane, and pine-

apple.

There are several recommendations for further investigations:

* Locate nutrient sources more precisely.

* Account for complex hydrology at surface waters in West Maui.

« Gather nitrogen and phosphorus data in surface, ground, and coastal waters.

* Conduct a detailed field-based nutrient transport study of agricultural uses monitoring
surface water, ground water, and the unsaturated zone,

* Conduct field investigation of LWRF effluent.

Because of a lack of data, it has not been possible to more precisely pinpoint nutrient sources. How-

ever, sources can be identified more precisely if detailed land-use data were available from land








owners. It has also been difficult to completely account for the complex hydrology of the West
Maui surface waters. Irrigation diversions, precipitation, and surface and subsurface return flows
need to be more accurately quantified since they comprise an integral part of the nutrient transport
system. Irrigation data, in particular, is needed on a field-specific basis before detailed watershed
studies can be conducted. Finally, because the results presented in this report are based primarily on
hydrologic data, detailed sampling programs are needed to gather nitrogen data for reliably quantify-
ing loadings from the LWRF effluent, streams, irrigation return flows, and offshore ground water

discharge.

Based on preliminary findings, a field investigation of the fate of the LWRF effluent is recom-
mended. The fate of the LWRF effluent, in particular the degree to which it is dispersed, has not

been determined.
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1.0 Introduction

1.1 Background

Beginning in 1988, the occurrences of nuisance algal blooms (algae genera Cladophora) during
spring and summer in the nearshore coastal waters of western Maui, Hawaii, have been documented.
Coral reef communities and light transmittance are possibly being impacted by extensive, drifting
mats of algae. The seasonal algal blooms may be the net result of a combination of natural factors,
such as water temperature, ocean currents, and reproductive characteristics of each algal species, as
well as anthropogenic factors, such as the quality of surface water runoff and ground water seeps.

The magnitude and extent of the algal blooms appear to vary from year to year.

EPA Region IX, with the State of Hawaii Department of Health and the County of Maui, is investi-
gating possible land-based hydrologic sources that may be contributing excess nutrients into the
West Maui coastal waters. This investigation is being conducted in response to concern that anthro-
pogenic sources are causing algal blooms off the Lahaina District coastline (see Figure 1-1). How-
ever, the data are not available to confirm or reject this hypothesis, nor to determine the relative

nutrient contributions of several possible anthropogenic sources to the loadings of the coastal waters.

The purpose of this study is to identify nutrient sources that appear to contribute significantly to the
total anthropogenic nutrient input into West Maui coastal waters and ,to recommend field programs
that gather critical data needed to quantify the nutrient loadings. The preliminary nutrient loadings

defined in this study can be used as a basis for allocating resources to further investigate the confri-

bution of specific anthropogenic nutrient sources to the observed algal blooms.








“ITeMBE] JO 9121S 91 UI UOBO0] 10MSI(Y BuTee ] JO uonensnyy “1-1 21n8ny

e — e e —

N SOTIJA UI 380§

SMEB[OOUEY]

EARH] JO 98)S

010
ey PN

ororred

LS Bureyey

001 0s 0








|

1.2 Scope and Objectives of Overall Study

The overall source investigation study is broken into five primary tasks:

Task 1: Prepare preliminary nutrient balance and develop study design for the area of
| concern.
Task 2: Design fate stﬁdy for Lahaina Wastewater Reclamation Facility (LWRF) effluent.
Task 3: Design field study for critical watersheds.*
Task 4: Implement LWREF effluent fate study.

Task 5: Prepare reports.

This report documents the results of Task 1, the Preliminary Nutrient Balance and Study Design.
The purpose of the preliminary nutrient balance study is to 1) gather data and construct simple
hydrologic and nutrient conceptual models to estimate the mass of nutrients used at anthropogenic
sources and to 2) identify the likely pathways for migration and the possible mass fluxes of these
nutrients from anthropogenic sources into the coastal waters. The results of this screening level
investigation may be used to estimate which anthropogenic sources contribute the greatest to the
total mass of nutrients input into the terrestrial environment of West Maui. The investigatioﬁ also

seeks to identify the possible contributions of various sources to nutrient loadings into the coastal

waters,

1.3 Scope and Objectives of Nutrient Assessment

The overall objective of the screening level nutrient assessment is to (1) compile, review, and evalu-
ate hydrologic and nutrieht data relevant to the study area; (2) interpret these data and construct
hydrologic and nutrient conceptual models of the system that can be tested through the collection of
more data; and (3) prepare estimates of nutrient loadings and nutrient fluxes for potential nutrient
sources. The nutrient assessment will primarily address anthropogenic sources that contribute

nutrients to ground water, surface waters, coastal waters, and soils.

*This task has been dropped due to budgeting constraints,
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1.3.1 Nutrient Loadings

The first step in the nutrient assessment study is to identify possible anthropogenic sources of nutri-
ents in the environment and to quantify nutrient inputs to the environment for the various anthropo-
genic sources. The annual mass loadings of nitrogen and phosphorous applied to the environment
for the defined anthropogenic sources were estimated to evaluate which sources, based on nutrient-
use data, appear to represent the highest nutrient storages in the West Maui watersheds. These
estimates of nutrient use do not necessarily represent the rates of release of nutrients into the West
Maui watersheds nor the rates of release of nutrients into the West Maui coastal waters. A combina-
tion of biological, chemical, and physical processes interact upon the applied nutrients to transfer
nutrients into plants, transform nutrients, and transport nutrients from the point of application to the
West Maui coastal waters. However, the ranking of sources based on nutrient application does serve
as a first screening level estimate of nutrient release potential to focus future study efforts. Later in
this study, the transport and fate of the applied nutrients is considered to estimate the possible nutri-

ent release rate into coastal waters.

1.3.2 Coastal Nutrient Fluxes

The second step in the nutrient assessment study is to estimate the flux of nutrients into the coastal
waters that results from application, transport, and transformation of nutrients from their release
point to the coastal waters. This information will provide a different perspective for viewing the
contribution of individual sources to nutrient loadings and will allow a spatial estimate of ﬁutricnt
release rates into coastal waters. This estimate may be useful in predicting locations where large
nutrient loadings from single or combined sources are likely and identifying the field programs and

data that are needed to more accurately estimate coastal nutrient fluxes.
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2.0 Description of the Study Area

2.1 Surface Water

Algal blooms have been observed in the Lahaina District coastal waters on the West Coast of Maui
off Kaanapali. The general location of the blooms are shown on a map of the Lahaina District
(Figure 2-1). The extent éf the algal blooms is not accurately known, but occurrences are docu-

mented as far north as Kahana Stream and as far south as Lahaina I-iarbor.

Major surface waters in the Lahaina District include the following streams: Honokohau , Honolua,
Honokahua, Kahana, Honokowai, Kahoma, Kanaha, Kavala, Launiupoko, and Olowalu. Rainfall in
the Lahaina District watersheds can be highly variable and typically correlates with topography. As
indicated in Figure 2-2 (Yamanaga and Huxel, 1969), the orographic effect induced by tradewind

flow and surface topography greatly affects rainfall, with greater rainfall amounts at higher eleva-

- tions.

The streams in the Lahaina District are typically perennial above 1,000 feet (M&E Pacific, 1992).
Diversions and losses to ground water at lower elevations result in intermittent flows as the streams
approach the ocean. Honokohau Stream is the only true perennial étrearn in the Lahaina District,
Streamflow is flashy due to the intense rainfall and the steep topography, resulting in skewed
étreamﬂow statistics in which the mean value streamflow exceeds the median streamflow. Thus, a
large fraction of total annual flow is limited to a small number of high intensity events. Stearns and
MacDonald (1942) estimated 13% of rainfall accounts for the base streamflow in the Lahaina Dis-

trict. Average streamflow for several watersheds (M&E Pacific, 1992) is summarized in Table 2-1.

Average streaxhﬂow from undiverted and diverted streams in the Lahaina sector is éstimated at 68
million gallons per day (mgd). The base flow is perhaps 25% of the average flow in the sector, but
the majority of this base flow is sustained by Honokohau Stream. Figure 2-3 shows the 1ocatic;ns of
gauging stations on Maui. Continuous records are only available at two locations in the Lahaina

District: Honokohau Stream and Kahoma Stream; crest gap measurements are available at








Figure 2-1.
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TABLE 2-1:

STREAMFLOW AND DITCH DATA FOR THE LAHAINA SECTOR
(FROM M&E PACIFIC, 1992)

Streams
Area Elev Base flow Median Average 14-Day
Stream (sq. mi) (ft) Diversion {mgd) {mgd) {mgd) Low (mgd)
Honokeohau 4.11 870 N 9,04 15.50 2532 575
Honoloa 2.90 840 N 0.71 323 578 0.40
Honokowai 1.10 1440 Y 0.19 - 084 4.62 0.21
Kahoma 522 90 Y 6.00 0.00 2.06 0.00
Kahoma 1.19 1940 Y 0.05 401 9.00 0.00
Kanaha 1.83 540 Y 0.52 1.03 417 0.41
Kanaha 1.51 1057 N2 2,13 323 5.05 1.55
Kauvaula 1.84 1550 N 9.40
Launiupoko 1.13 1280 Y 0.52 1.03 1.21 0.50
Olowalu 4.08 130 Y 0.00 0.00 2.39 0.00
Ukumehame 3.75 410 N 323 523 8.18 2.84
Subtotal Diverted 27.47 — — 68.18 —
and Undiverted Streams
Subtotal Minus 2592
Ditch Flow
Ditch Diversions
Elev Diverted - Base flow Median Average 14.Day Low
Main Ditch Contributed (ft) Streams {mgd) (mgd) (mgd) {mgd)
Honokohau {.ahaina 850 Honolua, Honokohau, 15.12 23.64 22,00 12.27
and Kaluanui
Honokowai Lahaina 1550 Kapaloa and Amalu 2.84 4.46 5.78 1.87
Kahoma Lahaina 1950 Kahoma 2.00 2.84 2.96 1.68
Kauaulu Lahaina 1560 Kauaulu 4.01 6.14 671 3.62
Olowalu Lahaina 480 Olowalu 245 4,26 482 0.65
Subtotal Diversions lefsx 0.65 mgd 26.42 41,34 42.26 20.09
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. Honokowai, Kauaula, and Olowalu Streams. Chemical quality data are not continuously monitored

within the Lahaina District.

Figures 2-4 and 2-5 plot the discharge measured at the Kahoma and Honokohau gauging stations,
respectively, for the one-year period from October 1987 through September 1988. Kahoma Stream
was dry 320 days during this one-year period, while Honokohau flow was never below 20 cubic feet
per second (cfs). Although continuous data are not available for many of the other smaller streams
and guiches in the area, such as Mahinahina Stream, they are all assumed to be essentially dry,

except for 40 to 60 days per year during heavy rainfall events.

Flow estimates for several ungauged streams are given in the County Water Supply Plan (see
Table 2-1); however, there are no available data for several smaller gulches in the Lahaina area. For

the purposes of this study, flow in these smaller gulches is assumed to be insignificant,

The average flow diverted for irrigation in the Lahaina District is approximately 42 mgd, The
diverted flow and the flow remaining downstream can be used to estimate surface water resources of
68 mgd. The 42 mgd diversion results in perhaps as much as 21 mgd aquifer recharge from irriga-
tion return; this significantly alters the hydrologic balance in the Lahaina séctor. In fact, a consider-

able portion of the aquifer’s sustainable yield may be represented by irrigation return flow.

Soil types in the Lahaina District watersheds can be generally classified into six soil series; the
Pulehu-Ewa-Jaucas Association, the Waiakoa-Keahuaa-Molokai Association, the Honolua-Olelu
Association, the Rockland-Rough Mountainous Association, the Puu Pa-Kula-Pane Association, and
the Hydrandepts-Tropaquods Association (USDA, 1972). The characteristics of these soils may
strongly influence agricultural practices in these different soils. The soils in West Maui were formed
by the weathering of volcanic materials. The soils are well-drained latosols, which are low humic,
humic ferruginous, and hydrol humic varieties in the low, moderate, and high rainfall regions,
respectively. Soil depth is 30 inches where slopes are less than 35% and very thin or absent in

sieeper areas.
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Figure 2-4. Kahoma stream discharge for water year 1988.
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Figure 2-5. Honokohau stream discharge for water year 1988.
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2.1.1 Surface Water Quality

There are no continuous measurements of surface water quality in the streams of the Lahaina Dis-

trict. The nearest monitoring station is at Kahakuloa Stream on the windward side of the island,

However, there has been monitoring of chemical water quality during runoff events in Kauaula
Stream near Lahaina (Grigg, 1983). Data collected on solids and nutrient concentrations during a
December 1982 storm are given in Table 2-2. Prior to the storm event, Kauaula Stream was dry.
During the storm event, total nitrogen concentration of 630 pg-N/L and phosphate concentration of

37.2 g-P/L were observed in the stream, Increases in nutrients in coastal water were also docu-

mented by Grigg.

2.2 Ground Water

2.2.1 Ground Water - Geology

The geology of West Maui is shown in Figure 2-6. A single volcano, with associated rift and frac-
ture zones that radiate north to southeast from the caldera, strongly influences surface and subsurface
features. A central north-south ridge separates the Lahaina District (Maui Hydrographic Area I
Hawaii Water Authority, 1959) from the Wailuku district. The ridge roughly approximates a sur-
face-water divide. The accumulation of thousands of layers of basalt formed the rocks on the west
side of Maui. The rocks in the vicinity of the reclamation facility are from the Wailuku volcanic
series, which are comprised of aa and pahoehoe layers roughly 10 feet thick. These layers can be
highly fractured. The rock matrix of some basalt layers can be relatively impermeable, while others
may be quite permeable. Thus, the water storage capacity of some lava beds may be signiﬁcantly

less than others.

The area north to northeast of Kahana Stream was overlain by the Honolua volcanic series in a latter
series of eruptions. The Honolua series typically lies directly on the Wailuku lavas; however, in
some areas, 1.5 meters of unconsolidated materials may separate the volcanic rocks. The Honolua
series consists of more massive, denser rocks, which may be comprised of aa layers up to 100 feet

thick. The Honolua series forms the surface of the dome over the north of the Lahaina Sector.
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TABLE 2-2: KAUAULA STREAM DISCHARGE AND WATER QUALITY DATA

(FROM GRIGG, 1983)

During Storm (Based on four measurements)

Suspended Solids  Settleable Solids PO; NO;, NO;
mg/L ml/L ug-P/L Lg-N/L
Range 93-108 0.08-0.1 35.3-38.8 617.5-661.9
Mean Value 98 0.08 366 631.5
Standard Deviation 6.0 0.01 1.2 17.6
After Storm (Based on single measurement)
Suspended Solids  Settleable Solids PO; NOj;, NO;
mg/L ml/L ug-P/L Lg-N/L
NA NA

14.8 131.6
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The area south of Kahana Stream has the more permeable Wailuku Series Rocks exposed at the
surface. The less permeable Honolua rocks to the north may, in part, contribute to the greater runoff

observed north of the Lahaina District.

Erosion of the volcanic rock subsequently formed “old alluvium” in areas above the sea. However,
because of sea level variations, much of the “old alluvium” is currently below present sea level.
More recently, unconsolidated alluvium accumulated in valley bottoms, and marine erosion and
sedimentation has deposited unconsolidated materials along the coastline. Besides coastal areas and
stream carved valleys, significant alluvial deposits do not overlie the volcanic materials. However,

alluvial deposits occur along the coastline west of the LWRF and in the Honokowai stream valley

north of the LWRE.

South of the LWRF near Lahaina is 2 smaller volcanic sequence known as the Lahaina series. The

cinder cone, Puu Laina, from the Lahaina eruptions, displaced the Kahoma Stream 1 km southward

of its previous course.

2.2.2 Ground Water - Hydrogeology
For the purpose of water planning, the watershed in the west side of Maui has been divided into the
following six aquifer sectors (Figure 2-7): Honokohau, Honolua, Honokowai, Launiupoko, Olowalu,

and Ukumehame.

The reclamation facility and much of the agricultural development is located in the Honokowai
sector. Each sector consists of dike-impounded ground water in the upland areas, basal ground
water in volcanic sequences in the intermediate elevations, and basal to brackish ground water in the
nearshore coastal areas (see Figure 2-7). A typical stratigraphic section in West Maui is given in

Figure 2-8.

The Lahaina District is a low-head coastal area where little or no coastal sediment restricts the flow

of fresh ground water to the ocean (Souza 1981). Figure 2-9, taken from MacDonald and Stearns
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Figure 2-7.  Aquifer sectors (A) and basal/dike aquifer systems (B) in West Maui

(M&E Pacific, 1992).
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LAHATNA FORMATIIN WEST MAUI

Strongly alkalic eruptions of basanite
issuing from Puu Laina and Puu Kilea;
pasanitic cinder and spatter cones up
t2 30 m hign at Puu Hele, Puu Laina,
and at xekaa Point.

1-6% m of consolidated and partly con-
solidated thin-bedeed and cross-bedded,
fine-grained, calcareous eolian dune —f
deposits,

Consolidated marine calcareous conglom-
erates up to 3 m thick, overlain by 3-
65 = of consolidated alluvial and col- o
Tuvial fan deposits of breccia and some
maring silt; minor tandslide deposits.

HONQLUA FORMATION

Up to 230 m of differentiated alkalic
racks ranging from mugearite to soda
trachyte generally in massive flows up
to 100 m thick; local domes, mainly
trachyte; minor cinder cones. Thin
dykes and shallow sills up to 20 m
thick, from hawaiite to trachyte compo-
sitions, lacally intrude Wailuku Fm,
and Hanolya Fm. lava flows.

WAILUKU FORMATICH

At least 1700 m of mainly thin-bedded
aa and pahoehoe flows of tholeiitic
olivine basatt, but also includes flows
of alkalic olivine basalt and ankara-
mite near the top; 31lso locally in-
cludes partly consolidated cones of
cinder and spatter, mingr interbedded

\\\\\éLﬂHA{HAS-l.JO

N
PR

vitri¢c tuff, dykes mainly less than | m
thick and sills wp to 20 m thick.
Caldera complas includes lava flows,
vent breccias, talus breccias, aand pyro-
clastic deposits.

?
1.20(4)
r1.50{?)

SN NNFLL 3L
so+1.38
Y

+1.58
‘
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HANA FORMATION

Up to 300 m of basanitoids, ankarzmites
and alkalic olivine basalts and sssoct-
ated cinder tones; includes lithic-
vitric tuff of Moloxini Islet and two
3-4 m flows of olivine- and augite-
ghyric basanitoid erupted ca. 1730 from
gﬂ m high cinder cones near L3 Percuse
ay.

calcareous eolian dune deposits

About 50 m of consolidated earthy de-
posits including older alluvium, talus
and landslide deposits and marine non-
calcareous sediments.

KULA FORMATON

Up to 770 m of massive flows of alkalic
basalt and hawaiite (locally hornblende-
pearing), with local cones of poorly
conselidated cinder, spatter and pymice
up to 103'm high, and minor thin beds

of friable vitric tuff. Older fleoms
mainly aphyric alkalfc basalt. Oykes
average ! m in thicknass; intrusive
bosses exposed in Haleakala {rater walls

HOROMARU FORMATION

At least 100 m of mainly thin-bedded 2a
and pahoehoe flows of olivine tholeiitic
basalt with minor very thin beds of
vitric tuff, local cinder cones. Com-
parad to the West Maui Wailuku Fm.,
Honomanu fm, flows have gentler dips,
less a2, and thicker beds.

Post-grosional, highly undersaturated
volcanism
Alkalic volcanism

Shield-tuildfng, dominantly tholejitic
voleanism

Figure 2-8. Stratigraphic sections in the Lahaina area (MacDonald and Stearns, 1942).
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Figure 2-9. Vertical cross section showing ground water features (MacDonald and Stearns, 1942).
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(1942), illustrates the large difference in water levels in the inland dike impounded systems and the
low basal lens. Unlike continental alluvial aquifers, the water table near the coastline is not a sub-
dued reflection of surface topography, and water levels increase only 8 feet above sea level 3 miles

inland (Souza, 1981). This equals a hydraulic gradient of only 0.0005 fvft.

A hydraulic budget summarizing rainfall, runoff, evaporation, and infiltration for the six aquifer
sectors in the Lahaina district is given in Table 2-3 (M&E Pacific, 1992). The highest rainfall,
runoff, and infiltration are associated with the more windward Honokohau sector; conversely, the
lowest values are the leeward Ukumehame sector. The Honokowai sector is the largest in terms of
total area, comprising 25% of the Lahaina District. Infiltration rates in the aquifer sectors are rather
high, typically in the range of 1 to 2 ft/yr. The high infiltration rates reflect the high rainfall and

permeability of the native rocks.

Infiltration rates, ground water pumpage, and irrigation water return can be used to estimate leakage
to the ocean. Table 2-4 summarizes leakage estimates for the following three subgroups of these

aquifer sectors (M&E Pacific, 1992);

Sectors System
Honokohau A
Honolua A
Honokowai B
Launiupoko B
Olowalu C
Ukumehame C

These groupings are _apparently used because there may not be physical boundaries between these
aquifer sectors, and pumpage may cause water transfer between these units, which is currently not
well understood. The northerly A system has the highest leakage rate at 39 mgd; total leakage is 76
mgd. The 76 mgd does not differ significantly from the estimate of 100 mgd by MacDonald and

Stearns (1942), who noted that the high freshwater discharges occur because of the high permeabil-
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TABLE 2-3: AQUIFER BUDGET IN THE LAHAINA SECTOR (FROM M&E PACIFIC, 1992)

Area  Precip RO " ET Infilt Infilt EH SY
System Code (sqmi) (infyr) (infyr) (infyr) (infyr) (mgd) (he}ft (mgd) h({O) SY/1
Honokohau 60201 13,23 128 61 40 27 17 10 10 15 0.59
Honplua 60202 17.61 87 24 40 23 19 5 8 7 0.42
Honokowai 60203 22,67 63 11 40 12 13 4 8 7 0.62
Launiupoko 60204  18.29 15 17 40 18 16 4 8 6 0.51
Olowalu 60205 6.81 63 11 40 12 4 2 3 5 0.77
Ukumehame 60206 10.61 50 7 36 7 4 2 3 5 0.85
Total 80.22 72 40
TABLE 2-4: AQUIFER BUDGET AND LEAKAGE IN THE LAHAINA SECTOR
*] eakage
per mile Discharge?

Coastline(C,) *Pumpage *Inter *[Irrigation *Leakage (1)  shoreline  Velocity (V)
System Length (miles) Sector! {mgd) transfer Return (mgd) (mgd/mile) (ft/day)
Honokohau 5.0

+ =110 ‘Al 3 6 2 39 35 83
Honolua 6.0
Honokowai 1.0

+ =125 ‘B 24 37 23 27 2.2 56°
Launiupoko 5.5
Qlowalu 33

+ =80 'ct 1 9 4 10 1.25 32

Ukumehame 4.7
Total 76 mgd

1 Hydrologic budget available for 3 combined sectors, where ‘A’ represents Honokohau and Honolua systems, ‘B’ represents
Henokowai and Launiupoko systems, and ‘C’ represents Olowalu and Ukumehame systems,

2 Discharge Velocity calculated assuming a porosity of 10% and a basat lens thickness of 10 feet.

L(10°)

.Cp, 10 ft (0.1) 7.5

V=

gal 5280 1t
ft*  mile

3 Does not include impact of wastewater injection on ocean leakage,

* ‘Taken from M&E Pacific, 1992,
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ity rock in the basal aquifer and the lack of a confining layer near the coast. Apparently, the coastal

sediments, which consists of alluvial and coral materials, are also rather permeable,

The lecakage estimates and the length of shoreline in each of these three systems are used to deter-
mine a discharge rate per mile of shoreline (Table 2-4). Values range from 1.25 mgd/mile in the
south to 3.5 mgd/mile in the north. Discharge velocity is also estimated assuming an aquifer poros-
ity of 5% and a basal lens thickness of 20 feet. Discharge velocities range from 32 ft/day to 88 ft/
day. These values agree reasonably well with the following ground water velocity estimate calcu-

lated using Darcy’s Law:

g

V= eax = 38 f/day

where V= Aquifer Velocity, ft/day

K = Aquifer Hydraulic Conductivity, ft/day
dH . .
x = Aquifer Gradient, 0.0005 ft/ft (Souza, 1981)

e = Aquifer Porosity, 0.05 (Mink and Lau, 1980)

However, these hydrologic estimates of flow conditions do not consider the varying thickness of the
basal lens nor the effects of pumpage on flow. Pumpage estimaies, given per system in Table 2-5,
indicate that the B system has a relatively heavy draft of roughly 24 mgd. But, the B system also has

a large return of agricultural irrigation water.

2.2.1.1 Ground Water - Water Quality
Ground water in the Lahaina District Aquifers has generally not been reported to be contaminated

with toxic volatile and semi-volatile organic chemicals or heavy metals with the exception of obser-
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TABLE 2-5: LAHAINA DISTRICT PUMPAGE (FROM M&E PACIFIC, 1992)

Pumpage (mgd)
Owner Purpose Sector 1987 1988 1990
Pioneer Mill: Irrigation B 11.3 19.2 6.8
Wells A,S,D,M,R
Pioneer Mill: Irrigation C 1.4 1.0 1.1
Well N :
Kapalua: Irrigation B — 0 NA
Well I
Kanapali: Irrigation B — 2.0 NA
Hanakea, Gr :
DWS: Waipuku Domestic B (.49 0.4 0.44
and Kanaha Wells
DWS: Napili and Domestic A 2.64 0 2.78
Honokahua Wells '
Kanapali Honokowai: Domestic B 2.52 2.8 2.77
P-4 Well
HEDC: Domestic B — -— —
New Wells
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vations of dibromochloropropane in some ground water wells. The primary regional water quality
concern relates to dissolved solids, which may increase due to seawater intrusion in areas of heavy
pumpage, and nitrate. Souza (1981) reported nitrate concentrations of (.42 mg/L to 4.4 mg/L in
wells near Lahaina and 1.9 mg/L to 5.1 mg/L in wells near Olowalu (Figure 2-10). These nitrate
concentrations exceed the (.25 mg/L concentration level taken by Soﬁza as a reliable indication of
irrigation return. Nitrate in the ground water is speculated to be associated with irrigation water
return. Souza estimated that irrigation return leachate has nitrate concentrations on the order of

10 mg/L.. Nitrate has also been a reported ground water contaminant in agricultural areas of Hawaii

(Eyre, 1983; Mink, 1962).

2.3 Coastal Environment

The island of Maui is part of a volcanic massif, which at present sea levels consists of four istands
separated by shallow channels: Maui, Laﬁai, Kahoolawe, and Molokai (see Figure 1-1). The deep-
est of these channels, the Pailolo Channel, separates Maui from the island of Molokai and borders
the Lahaina District to the northwest. At its deepest point, the Pailolo Channel is approximately 240
meters deep. The Auau Channel, southwest of the Lahaina District, separates Maui from Lanai and
reaches a maximum of only 35 m. The depths of the Pailolo and the Aﬁau channels cause the ocean

subsurface slope to become somewhat steeper moving to the north of the Lahaina District.

Honokowai Point, close to the Lahaina Wastewater Treatment Facility, indicates a transition in the
general physical characteristics of beaches in the study area. North of Honokowat Point, the coast is
comprised primarily of narrow white sand beaches bordered by rocky substrate. These beaches have
a moderate slope, but drop steeply a short distance offshore. Beaches south of Honokowai Point are
wider and have a more gradual slope. The offshore bottom also has a more gradual siope than areas

north of Honokowai Point,

Nearshore currents along the northwest coast of Maui flow predominantly to the north. Tidal cur-
rents in the study area have been measured at 25 cm/s, within 1,000 m from the shore. These cur-

rents parallel the coast with ebb currents flowing to the north and flood currents to the south, result-
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Figure 2-10. Nitrate concentrations as observed in the ground waters of West Maui (Souza, 1981).








ing in tidal variations in the area of less than 1 m. The Auau Channel has a predominantly north-

ward flow; however, nearshore currents are complicated by tidal effects, wind, and countercurrents,

Nearshore current roses were presented for two sites near the town of Lahaina (Grigg, 1983). The
strongest currents reported were just over 26 cm/s, but the average longshore current is only 13 cm/s
because the tides reverse the current every six hours, Current direction is also supported by the

considerable northwesterly movement and dilution of dyed plumes observed near Lahaina by Grigg

(1983).

2.3.1 Coastal Water Quality

The Hawaii State Department of Health collected water quality data at several nearshore locations
along the Lahaina District Coast, The data is collected very close to the shoreline in knee-deep
water and may be somewhat elevated in nutrients relative to general ocean waters due to the proxim-
ity to the shoreline. A bivariate statistical analysis of this coastal water monitoring data collected at
10 monitoring locations in the Lahaina District and 15 locations in the Kihei-Makena District of
Maui is given in Appendix A. This section briefly surnmarizes the findings presented in

Appendix A, The bivariate statistics were generated using the software package Abacus Concepts,
StatView (1992); in the future it may be useful to analyze the data using multivariate statistical

methods.

The monitoring parameters include salinity, nitrates a.nd nitrites (N03+N0'2), ortho-phosphates
(0-P0O,), ammonium (NH;}), silica (Si), total dissolved nitrogen (TDN), total dissolved phosphorus
(TDP), temperature, total organic carbon (TOC), dissolved oxygen (DO), pH, chlorophyll-a (Chir-a),
% inorganic phosphorus, and nitrogen to phosphorus ratio (N/P ratio). In this study, the primary
parameters of interest are TDN and TDP, which may represent nutrients that stimulate algal growth,

and salinity and silica, which are conservative seawater/freshwater tracers.

Appendix A includes statistical analyses for mean, standard deviation, minimum and maximum, and

percentiles for each parameter at all monitoring locations. A linear correlation analysis was also
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done to determine if a linear relationship exists between each parameter. A correlation coefficient of
zero indicates that there is no linear correlation between the parameters, while values near 1 or -1

strongly suggest a direct or inverse linear correlation.

Figures 2-11 and 2-12 illustrate the average values of salinity, silica, TDN, TDP, and Chlorophyll-a
in the Lahaina and Kihei-Makena Districts, respectively. In the Lahaina District, elevated concentra-
tions of silica, nitrogen, and phosphorus are found at Mahinahina Condo. Other locations, such as
Fleming Beach-South and -North, were also found to have high concentrations of nitrogen and
phosphorus. In the Kihei-Makena District, the elevated nitrogen and phosphorus concentrations

were found mostly at Kihei North and Kihei South.

The fate of nutrients is studied by a conservative mixing model. In Figures 2-11 and 2-12, at loca- -
tions of low salinity, the corresponding Si, TDN, and TDP concentrations are relatively high, and at
locations of high salinity, the corresponding Si, TDN, and TDP cqnccnt.rations are relatively low. A
correlation analysis is used to investigate if a linear relationship exists between each monitoring
parameter, and the results are given in Appendix A. Correlation coefficients between salinity and
nutrients such as TDN and TDP were tabulated for all sampling data collected at the Lahaina Dis-

trict; the correlation coefficients for salinity and Si, salinity and TDN, salinity and TDP are -0.92, -

0.64, and -0.49, respectively; at the Kihei-Makena District, the coefficients are -0.85, -0.86, and

-0.37, respectively. These values indicate moderately strong, linearly inverse relationships between

salinity and silica, nitrogen, and phosphorus.

The relationship between salinity and Si, TDN, and TDP concentrations for individual locations with

high-mean concentrations were also investigated. Si, TDN, and TDP concentrations are approxi-
mately linear and inversely proportional to salinity at monitoring locations such as Mahinahina

Condo and Fleming Beach-South.

The sampling and analysis procedures result in chiorophyll determinations for phytoplankton, but do

not include the chlorophyll in macroalgae; however, the chlorophyll measured can be used to indi-
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Figure 2-11. Coastal water quality data for Lahaina District average values for 1990-1992

(data from Hawaii Department of Health - Appendix A).
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cate the productivity of the coastal waters. At this time, it is uncertain how productivity directly.
relates to macroalgae. At the Lahaina District, the mean Chlr-a ranges from 0.29 pg/L (Olowalu) to
1.04 ng/L (Fleming Beach-North). At the Kihei-Mekena District, it ranges from 0.04 Hg/L (Cinder
Cone Makena) to 3.62 pg/L (Kalama Beach Park).

2.3.1.1 Coastal Water Quality During Storm Runoff

Duﬁng a storm in December 1982, Grigg (1983) measured stream and nearshore water quality.
Storm conditions were representative of a five-year flood event, and peak discharge for Kauaula
Stream was estimated at 1,240 ft%s. Nutrient data collected in nearshore coastal waters prior to and
during the storm indicated 10- and 100-fold increases in phosphate, nitrate, and silica. Data col-
lected in Kauaula stream and the coastal waters during the storm show an average dilution of a factor
of 12:1, 17:1, and 2:1 for silica, nitrate, and phosphate, respectively. After the storm, dilution factors

of 18:1, 9:1, and 5:1 were observed for silica, nitrate, and phosphate, respectively.

2.3.1.2 Coastal Water Quality Offshore of Kaanapali

Water quality data was gathered during the summer of 1990 in the coastal waters adjacent to Black
Rock Point at the Kaanapali Golf Course and the LWRF (Dollar, 1991). The maximum total nitro-
gen and total phosphorus measured at several locations in the ocean adjacent to the LWRF was 102
Hg-N/L and 12 pg-P/L, respectively. The maximum total nitrogen and total phosphorus at several
locations in the ocean adjacent to the Kaanapali Golf Course was 180 pg-N/L and 19 ug-P/L, respec-
tively. Dollar concluded that the waters adjacent to the LWRF were not significantly elevated in
total nitrogen and phosphorus concentrations; the Black Rock Point water did appear somewhat
elevated in nitrogen and phosphorus concentrations relative to the values observed in the State

Department of Health data.
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2.4 Extent of Study Area

The nutrient assessment area could be defined by considering only the terrestrial watersheds adjacent
to the coastal waters experiencing algal blooms. However, the locations where algal growth occurs
are not yet known, and it has not yet been quantitatively demonstrated that the algae observed in
coastal waters is being stimulated by nutrients from anthropogenic sources. The locations of algal
blooms are limited to observations of drifting mats of algae in the coastal waters and accumulations
of algae on the beaches of West Maui. These observations, however, are often not well documented
and are limited in spatial extent, Discussions with Maui residents and county officials sug-gests that
currently there is no consensus as to the southern and northern limits of the potentially impacted
coastal waters. Therefore, it is difficult at this time to precisely estimate the extent of the area that

should be considered in this nutrient assessment.

The extent of the study area could also possibly be defined by the extent of the coastal waters that

‘are known to be enriched in nutrients. Nitrogen and phosphorus data in Figure 2-11 suggest a

limited impacted area near Mahinahina; however, this conflicts with more widespread observations
of the areal extent of algal blooms. Chlorophyll data in Figure 2-11 may suggest enriched productiv-
ity as far north as Fleming Beach. Thus, the measurements of nutrients in coastal waters by the State

Department of Health (DOH) are such that it is difficult to define impacted areas,

In summary, measurements of chlorophyll and.nutrients in coastal waters do not conclusively indi-
cate the spatial extent, or even the existence, of a zone with increased productivity and elevated
nutrient concentrations in the Lahaina District coastal waters. It is difficult to narrow the focus of

the study area without excluding potentially important nutrient sources.

The extent of the reported algal blooms appears to be as far south as the coastal waters offshore from
Lahaina and as far north as the resort developments at Napili Bay, depending on the source of
observations. This area roughly covers two-thirds of the entire drainage area on the west side of the

West Maui Volcano (Figure 2.1), encompassing nearly all of the watersheds in the Lahaina District.
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Therefore, the study area is broadly defined as the entire Lahaina District based on the limited and
poorly documented observations of algal blooms. Although each of the Lahaina District watersheds
are independent hydrologic and nutrient systems, the effects of the freshwater and nutrients dis-
charged from these watersheds into coastal waters are not necessarily uncoupledr. For example, the
longshore currents may carry the nutrients discharged from Kahana watershed through the coastal
zone in which the Honolua watershed discharges, For this reason, anthropogenic sources in the
entire Lahaina District should be considered as possible anthropogenic sources of excess nutrients in

the coastal waters of West Maui until the impacted area of coastal water can be better defined.

The large study area delineated for conducting this nutrient assessment is not necessarily suggested
for conducting individual watershed field studies. Field programs should be designed to focus on
individual watersheds or subwatersheds. The watersheds that actually are considered in the final
field program are likely to consist of smaller area(s) than that defined for the nutrient assessment,
The decision to focus efforts on key watersheds may be made based on the results of this nutrient

assessment,

2.4.1 Anthropogenic Sources

It is difficult to estimate the areal extent of the impacted Lahaina District coastal waters. An alterna-
tive approach for defining the area for the anthropogenic nutrient assessment is to identify all pos-
sible municipal, industrial, agricultural, and recreational sources in all of the Lahaina District water-
sheds and limit the areal extent to watershed(s) that contain anthropogenic sources. However, as
demonstrated in Section 3, virtually alf Lahaina District watersheds contain anthropogenic nutrient
sources, making it difficult to narrow the extent of the study area without arbitrarily ignoring poten-

tial sources,
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3.0 Municipal, Agricultural, Recreational, and Industrial
Nutrient Sources In the Lahaina District

This section summarizes various municipal, agricultural, recreational/urban, and industrial sources
identified from the County of Maui land-use data and through discussion with both County and State

personnel and West Maui residents and businesses,

A version of the Lahaina District Zoning Plan (County of Maui, 1985) is replicated in Figure 3-1.
The Lahaina District lands in Figure 3-1 are zoned for conservation, agriculture, or urban/other land
uses. More detailed subdivisions of the urban/other land-use areas are given in larger scale maps
from the County of Maui (1985). The land use in Figure 3-1 indicates a large area of conservation
lands, which are at high elevations and surround the West Maui Volcano; a large area of agricultural
lands, which lie between the conservation area and the coastline; and a small strip of urban/other
land use, which lies along the coastline. A detatled summary of zoned land is given in Table 3-1.
Conservation lands represent the largest land use, followed by agricultural, single family, open

spaces, park, multi family, hotel, and business land uses.

3.1 Municipal Facilities

3.1.1 Wastewater Treatment Plant |

The only large municipal wastewater treatment facility in the Lahaina District drainage region of
West Maui is the Lahaina Wastewater Reclamation Facility (LWRF). The LWREF is located 600 feet
south of Honokowai Stream and 2,000 feet infand from the ocean (see Figures 3-1 and 3-2). Waste- |
water with an influent biological oxygen demand (BOD) of 184 mg/L and a suspended solids (ss)

concentration of 169 mg/L is treated to secondary treatment levels and chlorinated prior to disposal.

The LWRF consists of two plants operating in parallel: the 1975 Plant and the 1985 Plant (year
identifies the year of construction). The 1975 Plant has a design average flow capacity of 3.2 mgd,
The 1985 Plant had a design average flow capacity of 3.5 mgd. Both are nitrifying-activated sludge

plants. The effluent in the 1975 Plant flows through a gravity filter following secondary clarification
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TABLE 3-1: SUMMARY OF LAND-USE ZONES IN THE LAHAINA DISTRICT

Category Area (acres)
Conservation . 30,240
Agriculture ‘ 24,750
Single Family | 825
Muiti Family 415

Subtotal 1240
Airport 25
Open Space 750
Park 660
Public 160
Subtotal 1,570
Hotel 300
Business/Commercial 225
Business/Multi Family
Heavy Industrial
Light Industrial
Project District No. 1 : _ 260
Project District No. 2 : 230
Project District No. 3 ‘ 290
Project District No. 4 75
Subtotal - 855
Total 59,205
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Figure 3-2, Location of Lahaina Wastewater Reclamation Facility injection wells.
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and into an effluent storage reservoir. The plants currently have a common treatment system for

solids, and effluent disposal from both plants is via four injection wells.

The effluent rate and water quality characteristics are summarized in Table 3-2 and in Appendix B-3.
The data in Table 3-2 was collected during a series of tests of plant performance in 1989 and 1991
and may not necessarily represent long-term annual averagés. The 1992 effluent discharge rate is.
roughlj 4 mgd, nearly equally split between the two facilities. The estimates of average flow,
however, are limited in accuracy because only one of the four wells has a working flow rate. Aver-
age total nitrogen, as estimated from the sum of organic nitrogen, ammonium, nitrate and nitrite, is
12.1 mg-N/L for the 1975 Plant and 11.9 mg-N/L for the 1985 Plant. The predominant nitrogen
forms are ammonium for the 1975 Plant, 50% of total nitrogen, and nitrate for the 1985 Plant, 72%
of total nitrogen. Although the predominant form of nitrogen differs for each plant, organic nitrogen

is similar for both plants,

The additional analytical data in Appendix B-3 is summarized as follows:

total dissolved solids (TDS) and chloride are relatively high for both facilities, as typical

raw wastewaters are 30 to 100 mg/L chloride (Metcalf and Eddy, 1979).

TDS (mg/L) Chloride (mg/L)

1975 Plant 1038 650
1985 Plant 2080 1326

* Dissolved oxygen (DO) and total chlorine ranges from 3.8 to 5.6 mg/L and 0.1 t0 0.6 mg/
L, respectively.

* Heavy metals, pesticides and herbicides, and volatile and semi-volatile organics were not
detected in the effluent.

+ Data for June 1992 indicates total nitrogen of 13.5 mg/L and 8.6 mg/L for the 1975 and
1985 Plants, respectively. Nitrite and nitrate nitrogen comprises over 90 percént of total

nitrogen for both plants in June 1992,
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TABLE 3-2: LAHAINA WASTEWATER RECLAMATION FACILITY

Historical Effluent Rate
Old (1975) New (1985)
Daily Treatment Treatment
Average System System
Year Flow (mgd) Flow (mgd) Flow (mgd)
1982 2.7 2.7 : -
1983 2.7 2.7 -
1984 . 3.0 3.0 -
1985 3.0 2.8 0.2
1986 43 0.3 40
1987 3.9 0.3 ' 3.6
1988 3.6 0.6 3.0
1989 5.7 1.6 4.1
1990 5.2 1.5 3.7
1991 4.0 1.8 2.2

Effluent Water Quality (Nutrient) Data (from John Oka County of Maui)

Old (1975) Plant (mg/L) A
Date : TKN ORG-N NH3-N NO2-N NO3-N 0-PO4
mgl)  (mgl)  (mgl)  (mgl) mgl)  (mgl)
5/14/89 N/A N/A 2.0 N/A N/A N/A
5/15/89 4.8 3.1 1.7 N/A 3.5 N/A
5/20/89 10.9 3.1 7.8 N/A 0.5 N/A
3/19/91 6.2 3.4 2.8 N/A. 56 10.8
3/20/91 53 2.2 3.1 <0.05 4.4 104
3/21/91 5.0 2.1 2.9 0.05 4.5 0.6
4/17/91 11.7 2.2 9.5 <(.05 N/A N/A
4/18/91 10.9 24 8.4 <0.05 N/A N/A
4/20/91 11.5 24 0.1 <0.05 N/A N/A
4/21/91 10.3 2.0 8.3 <0.05 N/A N/A
4/22/91 9.8 1.8 8.0 <0.05 N/A N/A
4/23/91 9.8 2.0 7.8 <0.05 N/A N/A
4/24/91 8.9 2.0 6.9 <0.05 N/A N/A
Average 8.8 2.4 6.0 <0.05 3.7 10.2

38

———







TABLE 3-2: LAHAINA WASTEWATER RECLAMATION FACILITY (CONTINUED)

Effluent Water Quality (Nutrient) Data (from John Oka County of Maui)

New (1985) Plant (mg/L)
Date TKN ORG-N NH3-N NO2-N NO3-N 0-PO4
(mgfL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
5/21/89 3.1 2.8 0.3 N/A 0.1 N/A
5/22/89 2.6 2.0 0.6 N/A 14.1 N/A
5/26/89 L7 1.1 0.6 N/A 11.6 N/A
5/27/89 2.1 1.8 03 N/A 15.5 N/A
7/18/89 4.7 - 2.5 2.2 N/A 7.4 N/A
7/19/89 4.7 39 0.8 N/A 8.4 N/A
7/20/8% 2.2 1.4 0.8 N/A 6.6 N/A
7/21/89 24 1.7 0.7 N/A 6.1 N/A
7/22/89 3.1 2.8 0.3 N/A 7.2 N/A
7/23/89 2.8 2.5 0.3 N/A 8.7 N/A
4/17/91 2.1 1.7 0.4 <0.05 N/A N/A
4/18/91 2.6 1.8 0.8 <0.05 N/A N/A
4/20/91 4.0 1.8 22 <0.05 N/A N/A
4/21/91 2.3 1.4 0.9 <0.05 N/A N/A
4/22/91 59 - 14 4.5 <0.05 N/A N/A
4/23/91 6.5 1.7 4.8 <0.05 N/A N/A
4/24/91 24 14 1.0 <0.05 N/A N/A
Average 3.2 20 1.3 <0.05 8.6 N/A .
Plant Influent Water Quality
Biological Oxygen Demand (BOD) = 184 mg/L
Suspended Solids (8S) = - - 169 mg/L
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+ Total Phosphorus ranges from 3.1 to 3.8 mg/L.

typically given for secondary treated effluents (Metcalf and Eddy, 1979).

The 4.0 mgd LWRF effluent is disposed by gravity flow into four injections wells at the facility.
The four injection wells are located roughly 2,000 feet from the coastline as indicated in Figure 3-2.
The four wells, identified as numbers 1, 2, 3, and 4, run from north to south with number 1 being the
most northern well, The wells are 20 inches in diameter and are drilled to roughly 200 feet below
mean sca level. Details of the well completion and geologic record are given in Appendix B (Fig-

ures B-1 through B-4). The capacities for the four wells are given below:

Well Number ~ Estimated Capacity (mgd)
1 - 0.5t0 1.0
2 3.0t05.0
3 0.5t01.5
4 0.5t0 1.5

These capacity estimates will soon be revised based on the results of tests conducted in November

1992, Current plant flows average 4.6 mgd with peaks of up to 10 mgd.
Well logs and pumping and injection test results for the four wells are given in Appendix B-1 and
B-2. Transmissivity for these wells can be estimated by assuming steady-state radial flow and
applying Darcy’s Law (Bear, 1979):

_2aT AH 3-1)

Qy =——
ln(—-E—J
rw

where

Q, =Well discharge (ft¥/day)
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T = Well transmissivity (ft¥/day)
AH = Drawdown in Head (ft)
r = Quter radius of influence (ft) [assumed to be coastline at roughly 2,000 ft]

r, =Well radius, (.822 feet

Using equation (3-1) and the data in Appendix B-2, the following transmissivity values are esti-

mated:
T (ft? /day) T (ft* /day)
Well Based on Injection  Based on Pumping
1 20,800 11,500
2 188,000 195,000
3 590,000 225,000
4 1,600,000 280,000

The transmissivity values for the LWRF wells are extremely large, reflecting the highly permeable
nature of the Wailuku volcanic rocks in which the wells are completed. Note, however, that the

initial test results given above for Wells 3 and 4 do not agree with the current well capacity esti-

mates.

This radial flow analysis ignores the three-dimensional néture of the buoyant plume surrounding the
injections wells and any regional flow in the basal aquifer system. However, the transmissivity
yalues given above serve to illustrate the nature of the geologic material in which these wells are
completed. Assuming a 10-foot thickness as an average for layered basaltic rocks in this area,
hydraulic conductivity values for Well 2 are on the order of 20,000 ft/day, which is on the high end
of the range 10 to 10° ft/day given for the hydraulic conductivity of aquifers (Bear, 1979). In fact,

the Wailuku basaltic rocks rank with the most permeable clean gravels given by Bear.
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The plant effluent, which is disposed by gravity flow into four wells at the LWRF, contains nitrogen
in the form of ammonium, the nitrate ion, organic nitrogen, and phosphorus in the form of phos-
phate. The wastewater effluent also contains dissolved and particulate forms of organic carbon;
however, most organic carbon is removed in the treatment process. The nitrogen and phosphorus

represent nutrient sources released into the environment at the facilities.

3.1.1.1 Nutrient Loading in Wastewater
The annual loading into the subsurface of total nitrogen and total phosphorus from the four injection

wells is estimated as follows:

il ke _C(Eg) of gations 2.2%10"%1b | 3.79¢
yr ¢ yr mg gallon (3-2)

where
C = average annual nutrient concentration in wastewater

Q = annual quality of effluent disposed into injection wells

There is some uncertainty and variability regarding the average nitrogen and phosphorus concentra-
tions that should be used. Therefore mean, minimum, and maximum values of the annual nitrogen
and phosphorus rates are estimated for the 1975 and 1985 facilities in Table 3-3. The average total
nitrogen and phosphorus loadings are 146,000 and 124,000 1b/yr, respectively. The range of esti-
mates for nitrogen are from 66,000 to 183,000 Ib/yr and for phosphorus are from 117,000 to 131,000

1b/year.

3.1.2 Municipal Sewage Lines

Wastewater is transported to the LWRF through sewer lines that run along the Honoapilani High-
way. Sections of the sewer lines between Lahaina and Honokowai Point were discovered to be
infiltrated by as much as 0.27 mgd in 1974 (Brown and Caldwell, 1991). Infiltration occurs on
sections of the sewer line below the ground water table, In areas above the ground water table,

however, sewage could discharge from the leaking sewer lines and infiltrate to the basal aquifer,
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TABLE 3-3: ESTIMATES OF NUTRIENT APPLICATIONS TO THE SUBSURFACE FROM

THE LWRF INJECTION WELLS
T Total Nitrogen Total Phosphorus Total Nitrogen Total Phosphorus

Annual Flow  Concentration  Concentration Mass Flux Mass Flux
Facility, Case (gallons) (mg/L) (mg/L) (Tb/yr) (Ib/yr)
1975 mean 657 x 10¢ 12.1 10.2 66x10° . 56x10°
1985 mean 803x 105, 119 10.2 80x10* / \68 x 10°
Mean Total s, 146 x 10° f‘poﬂf/yazetx 10°
1975 minimum 657 x 10° 83 9.6 45 x 10° / 53 x 10°
1985 minimum 803 x 10¥ . 32 9.6 21 x 10? 64 x 19
Minimum Total H ovn 4 i 66 x 10° = e 117x 10°

. ate l i
A {
1975 maximum 657 x 10° 11.8 10.8 65 x 10° 59 x 10
1985 maximum 803x10° 176 10.8 118 x 1¢° 2x10°
Maximum Total i ,{\ 183;:1(5%5.90/\?&»:103
{ o h‘. 4
(; ) ,.3\\.,.,/’
A0
L} 0O
5
51
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which eventually discharges offshore. This mechanism could represent a nutrient source. However,

leakage of the sewage system is unknown and likely to be small in comparison to total flow, given

Sewage has historically spilled from these sewer lines and discharged through manholes into drain-
age ditches near the highway. These ditches eventually drain through lagoons and wetlands to the
coast. Nutﬁé:ritg'in,th'e-_\yastcwater added to these surface ditches may ¢ventually represent nutrient
sources to the coastal waters. County records indicate an average of six raw sewage spills per year
and an average spill volume of 906,000 gallons in the period 1986 through mid-1992 in the Lahaina

District. The iﬁzijority of the spills occurs around the town of Lahaina,

The initial destination of spilled sewage is typically into ditches and lagoons near the coastline, and
attempts are made to divert the flows from directly entering the ocean. The diversions increase the-

holding time of the spills; however, the ultimate destination of the discharges is likely to be the

ocean via surface or subsurface drainage.

The nutrient quality of thé';pil}s is unknown. Typical total nitrogen and total phosphorus
concentrations of raw wastewater (Metcalf and Eddy, 1979) are 20 to 85 mg-N/L and 4 to 15 mg-P/
L, respectively. Howe\l/er, the nutrient quality of the spills entering the ocean is highly uncertain. In
some instances there is direct ocean discharge. For example, on May 9, 1988, 100,000 gallons were
reported to reach the ocean. In other cases, the wastewater is detained for several days in ditches and
lagoons. The wastewater quality upon entering the ocean may be bounded on the low énd By the
LWRE effluent quality, which is likely to represent the best water quality of ditch/lagoon treated
spills, and bounded on the high end by the raw wastewater, which is likely to represent the worst
water quality occuring for discharges that are not terrestrially. detained. These water quality
estimates would result in estimated yearly average loadings of 75 to 530 1b-N/yrand 7.5 to 11 1b-P/
yr, depending on the degree of treatment. The BOD of the spill would range from 70 to 1,400 1b-
BOD/yr, depending on the degree of treatment, assuming the BOD of the LWREF influent and

effluent,








3.2 Agricultural Sources

Land-use maps (County of Maui, 1985) in the Lahaina District Watershed indicate land zoning is

Use Acreage Percent of Total
Conservation (Forest Lands) 30,240 - 51%
Agricultural 24,750 42%
Urban-Other 4,215 - 7%

Total 59,205 100%

The zoning estimates give indications of land-use patterns, but they do not reflect the actual land-use
activity. Land-use estimates by individual businesses and growers represent a better estimate of
actual land-use activity. Where available, actual land-use activity as estimated by owners and

operators will be used rather than zoning data.

3.2.1 Sugar Cane
Sugar cane occupies the majority of the agricultural lands in the Lahaina District. Sugar cane is

grown as far south as Ukumehame and as far north as Honokowai Stream.

Nitrogen and phosphorus are applied to soils during the sugar cane growing process. These nutrients
are taken up to some extent by the sugar cane itself; however, not all the nitrogen and phosphorus
are taken up by plants (Takahashi, 1969; Stanley et al., 1990). The nutrients that are not utilized by
plants can potentially be released to the environment (Green and Young, 1970). For this reason,
sugar cane is thought to represent a source of nutrients that may be released into the Lahaina District

watersheds and ground water,

Sugar Cane Cultivation in Hawaii
The following discussion applies to the sugar cane industry as a whole in Hawaii. These generalities
may or may not apply to activities at Pioneer Mill. See Section 3.2.1.1 for more specific practices at

Pioneer Mill,
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" In general, sugar cane takes two years to grow, although some fields at higher elevation require 36 to
38 months to grow a crop of cane (unpublished report, Silva). The first crop is grown from seed,

then two ratoon crops are grown from stubble in the ground. Fields are, therefore, typically plowed

only once in 6 years.

About 59% of the cane lands in Hawaii are irrigated, and these lands yield about 71% of the annual
sugar produced (unpublished report, Silva). Drip irrigation has replaced furrow irrigation to the
extent that as of 1988, 80% of the irrigated lands throughout Hawaii used drip irrigation. The drip
system allows greater control of water application and increases efficiency and savings of water.
Very clean water is required for drip irrigation, which necessitates installation of sand filters in the
fields, to minimize plugging of the orifices. The frequency of irrigation is determined from the

evaporation of water from a standard evaporation pan or more recently is based on climatic data.

Typically all of the ﬁhosphoms (P) and some of the nitrogen (N) and potassium (K) are applied at
planting with subsequent applications of N and K made during the first 10 months of the crop (un-
published report, Silva). The number of applications varies depending on the soil and rainfall in the
area. N and K are often applied in the irrigation water, Plantations use both soil and plant analyses
to determine the fertilizer requirements of the crop. The total amounts of fertilizer applied vary with
the soil and past management practices, but in general an irrigated plantation will apply 300 to 400
1b-N per acre, 0 to 250 1b-P,0; per acre, and 400 to' 500 1b-K,0 per acre. Plantations growing
unirrigated (rainfed) cane generally apply 300 to 550 1b-N per acre, 250 to 350 1b-P,O, per acre, and
450 to 700 1b-K, O per acre.

3.2,1.1 Pioneer Mill Activities

Pioneer Mill Company grows, harvests, and processes all sugar cane in the Lahaina District. Pioneer
" Mill’s sugar cane acreage was estimated to be 9,345 acres in the 1970s (M&E Pacific, 1992), but
total sugar cane acreage is far less than that today. Freeland (1991) noted that sugar cane acreage at
Pioneer was approximately 6,700 acres in 1991; 89.4% of the irrigated fields at Pioneer Mill were

drip irrigated as of December 31, 1991, and the remaining was furrow irrigated with mill water.
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Roughly 25% of the water for irrigation is derived from ground water and 75% from mountain water

(surface water).

Figure 3-3 shows the approximate distribution of Pioneer Mill sugar cane fields in the LaLhaina
District. There are four primary areas of sugar production: the most northem area extends from
Honokowai Stream to Kahoma Stream at the town of Lahaina; the next area, which is south of the
town of Lahaina, extends from Kanaha Stream to Launiupbko Stream; and two smaller areas extend
to the south at Olowalu Stream and Ukumehame Stream. Figure 3-4 shows 100, 600, 1,000, 2,000,
and 3,000 feet elevation contours in the Lahaina District. The Pioneer Mill sugar cane ficlds extend
from nearly sea level near Olowalu to 1,500 feet elevation in the uplands between Honokowai and
Kahoma streams as estimated from U.S. Soil Conservation Service Field maps and
Orthophotographic quadrangle maps (DLNR, 1976). The plant crop in Pioneer Mill’s fields is
grown vegetatively from cuttings, and the field is plowed after every crop. All of Pioneer Mill’s

acreage is harvested at 24 months or less,

Falconer (1991) gives nitrogen and phosphorus application rates for HC&S and Pioneer Mill sugar
cane grown on Maui. These data, summarized in Table 3-4, show that a total of 325 1b-N/acre and
"——_—‘—_1
50 1b-P,0 acre are typical rates at Pioneer Mill during the two-year plant growth cycle. No fertilizer
is applied at planting at Pioneer Mill, and drip fields receive 7 to 10 fertilizer applications. The
average fertilizer values given in Table 3-4 for Pioneer Mill are likely to vary with soil type, method
of irrigation, and measured soil nitrogen and phosphorus levels. For example, Kunimitsu (1991)
gives fertilizer schedules for Waialua Sugar Company, which vary with the method of irrigation, the

source of irrigation water, and the soil phosphorus requirements (see Table 3-5).

Although the fertilizer schedules given for Waialua are not typical nor recommended for Pioneer, the
variation in fertilizer schedule given in Table 3-5 for Waialua Sugar Company is likely to be typical

of the variation in the fertilizer schedules at Pioneer Mill. Falconer (1991) does give ranges for

phosphorus from 0 to 100 1b-P,0 /acre, and for nitrogen from 325 1b-N/acre to 425 1b-N/acre (in
Olowalu and shelf rock fields). No phosphate is applied at Pioneer Mill on acreage below 500 feet
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Kahoma Stream

Kanaha Sﬂ’eam

Kauaula Stream

Figure 3-3. Pioneer Mill sugar cane fields in the Lahaina District,
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Figure 3-4. Topographic contour map in the Lahaina District.
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TABLE 3-4: FERTILIZER PRACTICES AT HC&S AND PIONEER MILL
(FROM FALCONER, 1991)

Pioneer Mill

Plantation HC&S
Typical rate 325 Ib-N/acre, 50 1b-P,0,/acre 325 1b-Nfacre, 50 1b-P,0,/acre
varies w/soil and water types varies w/soil and water types
Source N Urea 20.7 - 0 - 0 (HC&S) Urea 20.7 - 0 - 0 (HC&S)
Source P Phosphoric acid 0 - 52 - 0 (Brewer) Liquid ammonium phosphate 10 - 34 - ¢ (Brewer)
Method of application Water Water
Water salinity range 0-55 grams NaCl/gal. 0-120 grams NaCl/gal.
Minors CaSi - Paia, pineapple fields S - diversion ditches, very trace symptoms
Fe - Maalaga, sandy soils
{symptoms gone after 67 mos.)
pH range 5.0 Honokowat - 8.5 Olowalu

4.5 H - Poko - 9.0 Maalaea
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TABLE 3-5: FERTILIZER SCHEDULES AT WAIALUA SUGAR COMPANY
(FROM KUNIMITSU, 1991)

Furrow, Clean-Water Fields*

Planting At 1 mo. At 3 mo. At 5 mo. At 8 mo. Totals
1) P,0O, Required (Example)
N 44 70 70 70 71 325
PO, 208 — . — — — 208
2) P,O, Not Required {Example)
N 63 65 65 65 67 325
PO, 0 — _ — — 0

Furrow, Hydro-Water Fields*

Planting | At 1 mo. At 3 mo. At 5 mo. Totals
) P,0, Required (Example)
N 44 56 0-50 0-50 - 50-200
PO, 208 — _— ‘ — 208
2) P,0, Not Required (Example)
N 63 37 0-50 0-50 50-200
PO, 0 — — — 0
Drip Fields*
Month -
Planting 1-1% 2 3 4 5 6 8 Totals
1) P,O, Required (Example) _
N 0 45 30 30 45 45 45 85 325
PO, O — 100 100 — — — — 200
2) P,0, Not Required (Example) ‘
N 0 40 40 40 40 40 40 85 325
PO, O — — —_ 0

*Values given are: 1b-N/acre, and 1b-P,0./acre
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TABLE 3-5: FERTILIZER SCHEDULES AT WAIALUA SUGAR COMPANY
(FROM KUNIMITSU, 1991) CONTINUED

Unirrigated Fields*
Planting Atlmo.  At3Imo. At 5 mo. At § mo. Totals
1) P,0O; Required (Example) |
Method Pltr ' HW HW Air Air :
N 44 63 63 78 78 325
PO, 208 — — — — 208
2) P,0; Not Required (Example) ,
N 44 ' 63 63 80 80 250-275
P,O, 0 — — — — 0

*Values givcn'are: Ib-N/acre, and 1b-P,0 /acre
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elevation, and above 500 feet elevation, only 1,000 acres receive P at 50 Ibs/acre depending on soil
sample history and tissue analysis. Crop tissue analysis determines final applications at Pioneer
Mill. Howevc;,—éﬁéciﬂc data on a field-by-field basis are not currently available for Pioneer Mill
sugar cane. For the purposes of this study, the average values of 325 1b-N/acre and 50 1b-P,0O /acre
will be used until more field-specific data are available. However, given the range of variability
observed in Table 3-5 for Waialua Sugar Company, the assumed values are likely to be within 50%

of the actual values for a fertilizer such as nitrogen. Given the screening level nature of this study,

the average values should be adequate.

The assumed fertilizer application rates result in the following annual nitrogen and phosphorus

applications at Pioneer Mill:

Application Rate Area
Nutrient (per crop) (acres) Annual Loading
'-/ .
Nitrogen 3251b-N/Acre - 4’504 6,700 1089 x 10°Ib-N/yr 3,000 b/
| s99 b/
Phosphorus 50 Ib-P,0, 1,000 25 x 10° 1b-P,O,/yr

The nitrogen estimate above agrees well with total N usage for 1991 and 1992, Pioneer Mill gives as

712 x 10° 1b-N/yr and 1,073 x 10? 1b-N/yr, respectively (see Appendix C page I comments from
HSPA).

3.2.1.2 Pioneer Mill Water
3.2.1.2.1 Irrigation Water

Pioneer Mill used approximately 65 mgd of irrigation water on sugar cane in 1987 (M&E Pacific,
1992). Approximately 20 mgd of irrigatidn water was derived from ground water pumpage from the
Honokowai and Launiupoko basal aquifers, and 50 mgd was from diversions of surface waters. The
need for irrigation water for agricultural uses has resulted in construction of many tunnels, aque-
ducts, ditches, and reservoirs in the Lahaina District. Projected 1992 irrigation for Pioneer Mill is 49
mgd. The approximate areal distribution of irrigation facilities is given in Figure 3-5. Table 3-6

summarizes the approximate linear footage of diversion structures and acreage of reservoir storage
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Figure 3-5. Irrigation tunnels, ditches, and reservoirs in the Lahaina District.








TABLE 3-6: SUMMARY OF SURFACE WATER DIVERSIONS IN THE LAHAINA DISTRICT

Estimated*
Tunnels/Ditches Length (Miles)
Honolua Ditch s 7.5
Honokowali 2.3
Kauaula 0.7
Total 10.5
, Estimated*
Aqueducts Length (Miles)
Honokowai 1.5
Kauaula ' 0.5
Total 2.0
Estimated*
Ditches Length (Miles)
Honokohau Diversion #1 0.7
Honokohau Diversion #2 3.7
Honokohau-Honokowai Reservoir 1.0
Honolua Ditch 0.3
Kahoma Ditch 2.3
Paupau 43
Launiupoko 29
Makila Reservoir Ditch 1.5
Wahikuli Pump Ditch . 22
Lahaina Pump Ditch #1 : 2.1
Lahaina Pump Ditch #2 2.1
Other — Lahaina Town Area 1.0
Olowalu Area Ditches 6.6
Ukumehame Ditches 3.3
Total ‘ 34.5

* Estimated from 7,5 USGS Topographic Maps for Napili, Lahaina, and Olowalu
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TABLE 3-6: SUMMARY OF SURFACE WATER DIVERSIONS IN THE LAHAINA DISTRICT

(CONTINUED)
Reservoirs Area (Acres)
Napili Area:
1.2
0.5
0.4
0.2
Lahaina Area:
Crater 13.0
Kahoma 5.5
Horner 4.0
Hanakaoo _ 1.3
Puukali _ 1.8
Kauaula 1.7
Launiupoko 1.3
Others: 12,9,2.1,2 39
Olowalu: 9, 2.75, 4.25, 9.625 3.7
Ukumehame: 7.5, §, 3.75 2.3
Total 41.8
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in the Lahaina District. The greatest density of diversions is in the fields between Honokowai and
Launiupoko streams, There are fewer irrigation structures in the north of the Lahaina District with

the exception of the Honokohau Tunnel; the smaller agricultural acreage and greater surface water

runoff in the north may explain the lack of reservoir storage. and major diversions to supply irrigation

water.

A total of over 10 miles of tunnels and 34 miles of ditches divert irrigation waters to agriculturat
fields. Also over 42 acres of surface water reservoirs store agricultural water. The most significant
diversion is the Honokohau Tunnel, which diverts 22 mgd from Honokohau Stream in the upland

areas northeast of the primary agricultural fields. The largest reservoir storage is Crater Lake,

covering 13 acres,

The through flow of water in the irrigation waters is relatively high. The sum of all average ditch
diversions in the Lahaina District exceeds the sum of all average streamflow (Table 2-1), The total
irrigation flow exceeds the intermittent streamflows by a factor of f'our to one. However, the water
quality, leakage, and storm overflow from the irrigation system is not known. Given the large
volume and flow in the irrigation system, the elevated nutrient concentrations in the furrow-irrigated
field irrigation water (see next section), and the possibility of emergency discharges during storm
events, the irrigation system could represent a nutrient source. Pioneer Mill has foﬁr National

Pollutant Discharge Elimination Standards (NPDES) permits for ditch discharges, but currently only

routinely discharges at one location to fields in Olowalu. Brackish ground water (1.1 mgd) is

pumped to lower the water table beneath the Olowalu fields, and this water is discharged offshore.
Quarterly NPDES reports estimate the discharge quantity at 1.1 mgd; water quality of the effluent
prior to discharge is not measured. NPDES permits require coastal monitoring, rather than direct

effluent monitoring, on a quarterly basis.

3.2.1.2.2 Mill Processing Water
Mill water that results from cane washing, condensation, and cooling operations at the Pioneer Mill

facility has a high BOD and contains dissolved and suspended solids. Bui (1991) gives nitrate, P,O,,
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" TABLE3-7: NITRATE, P,0,, K,0, TOTAL SUSPENDED SOLIDS (IN PARTS PER
MILLION), AND pH OF MILL WATER FROM VARIOUS SOURCES

Source . Plantation Nitrate PO, K,O TSS pH
Ditch by HSPA HC&S 1.60 0.37 54.09 1,222 5.94
| Reservoir outlet HC&S 1.05 0.55 57.67 91 5.24
Settling basin Fd 711 HC&S 2.10 0.68 46.71 349 5.56
Paia Mill ditch HC&S L.55 0.11 33.24 3,089 5.58
Filter inlet Oahu Sugar 1.35 (.13 8.11 218 6.10
Hydroseparator Pioneer Mill- 1.70 0.45 37.26 328 5.60
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K,O, total suspended solids (TSS), and pH for six different sources (see Table 3-7). Nitrate, P,0,,
and TSS for Pioneer Mill water sampled from the hydroseparator is 1.7 mg/L, 0.45 mg/L, and 328

The mill water at Pioneer Mill is passed to reservoirs and ditches for settling, and the mill water is
ultimately reused by application to 670 acres (10%) of furrows-irrigated sugar cane. Although
Pioneer Mill does have NPDES permits for discharge from several ditches on their properties, no
waste mill water is directly discharged offshore. According to the Hawaii Department of Health,

discharges have not been reported in recent years.

The reused mill water may represent a source of applied nitrogen and phosphorus on the furrow
irrigated fields, depending on the extent of mill water treatment prior to irrigation. A field irrigated

with 100 percent mill water could result in the application of 80 1b-N/acre and 20 Ib-P,0/acre.

Typically, detention times in reservoirs and ditches are 24 hours to reduce suspeniéied solids concen-
trations approximately 80 percent. Biological activity in the settling ponds alter the composition of
mill water, which is also often treated in granular filters. This may reduce the ultimate quantity of
nutrients in mill water. However, the water quality prior to application at Pioneer Mill is not cur-
rently known. Assuming a yearly average mill water flow rate of 5 mgd and the nitrate and phos-
phorus concentrations reported for the Pioneer Mill hydroseparator, annual loadings of nitrogen of
26 x 10° Ib of nitrate/year and phosphorus of 7 x 10° lb-PZOJyeér are estimated. The fraction of this
“nitrogen and phosphorus applied to fields and the fertilizer application schedules on the furrow-

irrigated fields is currently unknown.

3.2.2 Pineapple
Pineapple is the second most common agriculfural crop in the study area, totaling 3,600 acres (per-
sonal communication, Wesley Nohara), Maui Land and Pineapple is the only major pineapple

grower. The Location of Maui Land and Pineapple pineapple fields is given in Figure 3-6.
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Nitrogen and phosphomngérﬁlizzrs are used in pineapple production. Although these nutrients are
taken up to some extent'by; the pineapple itself, not all the nitrogen and phosphorus are taken up by

plants. The nutrients that are not utilized by- plants can potentially be released to the environment.

For this reason, pineapple may represent a source of nutrient release into the Lahaina District water-

sheds and ground water.

3.2.2.1 Maui Land and Pineapple

The acreage covers 1,820 acres north of Kahana stream and a total of 1,780 acres south of Kahana
stream. The southern limit of pineapple fields is roughly the Honokowai stream. The highest
pineapple fields appear to be roughty 1,200 feet in elevation. Pineapple fields at Maui Land and

Pineapple have the following four-year cycle and nitrogen fertilizer schedules (personal communica-

tion, Wesley Nohara): _
Year Cycle Nitrogen
1 Fallow None
2 Plant Crop Vegetative 450-500 1b-N/acre
3 - 1st Ratoon 250-300 1b-N/acre
4 2nd Ratoon None

700-800 1b-N/acre M ‘/?/\/

Phosphorus application rates are more field specifi¢, and phosphorus in the form of rock phosphorus
may be applied to 2% of the total acreage on an annual basis. Application rates are 1,000 to 2,000
1b-rock phosphate/acre on fields where phosphorus is applied. Raw rock phosphate usage averages

69 tons/year and 110 tons/year, respectively, for the fields north and south of Kahana Stream.

These fertilizer schedules are assumed as average values for all Maui Land and Pineapple pineapple
fields; specific fields are likely to vary considerably from these average estimates. However, the use
of average rather than field-specific fertilizer schedules is used for the preliminary assessment of this

study. Annual nutrient applications are as follows:








19

Nutrient Application Rate Area (acres) 4y  Annual Loading
Nitrogen 750 1b-N/Acre (total crop) 3600 =4 = 675x10° lb-N/?f
Phosphorus —-34.4 1b-P,0,/Acre (per year) 3,600 43 124x%10° 1b-P,O fyr

The nitrogen and phosphorus loadings are based on a four-year cycle; phosphorus loadings assume

2% of the fields are fertilized with rock phosphate each year (33% P.0,).

3.2.2.1.1 Maui Land and Pineapple Irrigation Practices

Maui Land and Pineapple estimate use of approximately 1.0 mgd of water to irrigate their fields,
although water withdrawals of 5.5 mgd are credited to Maui Pineapple Company, Ltd, in the Maui
County Water Use and Development Plan (M&E Pacific, 1992). The reason for the discrepancy
between these estimates is unclear. Pineapple is irrigated using both drip and boom irrigation meth-
ods with the following schedule: The crop receives roughly 1 inch of water after planting, then 1 to
2 inches per month for the remainder of the crop. Actual irrigation volumes are adjusted based on
rainfall to meet the crop requirements. Nearly all of the irrigation water comes from diversions frem

Honolua Ditch. Pineapple is not processed in the Lahaina District; processing is at the facility in

Wailuku,

o 3.3 Recreational and Urban Sources

A variety of recreational and urban sources exist in areas outside of the agricultural and conservation
land-use areas. Nearly all of these other land-use areas are concentrated in roughly a 1/4 to 1/2 mile
strip of land along the coastline between Walanukolé and Honokahua Bay. South of Walanukole,
which is on the coastline roughly 2 miles southeast of Lahaina, the agriculture land-use areas extend
nearly to shore. The inland extent of urban/other land-use areas reaches only more than 1/2 mile at
the town of Lahaina, where it extends inland nearly 2 miles; at Kaanapali, it extends inland roughly

1 mile; and at Kapalua, it extends inland roughly 2 miles (see Figure 3-1).








Anthropogenic influences in these urban and recreational areas that may represent nutrient sources

are summarized below:

» Pioneer Sugar Cane Mill in the town of Lahaina

+ Large Resort Complex Developments at

(1) Kaanapali, extending for nearly 2 miles from 3,000 feet south to 7,000 feet north of
Hanakaoo Point, covering roughly 500 acres
(2) Napili Bay, extending for nearly 3,000 feet covering roughly 500 acres
* Single and Multi Family Residential Areas in the town of Lahaina, covering roughly 1,240
acres
+ Business and Industrial Zones in Lahaina, covering roughly 225 acres

» Storm water drainage systems in Honokowai, Mahinahina, and Kahana Streams

At this time, the most significant of these sources is believed to be the resorts, particularly golf

courses, and the storm water drainage system. These are discussed in greater detail in the following

sections.

Business and commercial activities in the area are not currently thought to represent significant
nutrient release points. A recent summary of business and commercial activities in old Lahaina
Town (U.S. Soil Conservation Service, 1992) indicate that the most predominant activities are retail
trade, with limited manufacturing activities. The only industrial activity is at Pioneer Mill’s Sugar

Cane Processing Facility.-

3.3.1 Golf Courses

There are a total of five golf courses in the study area, representing 900 acres. Three courses are at
Napili bay; the rest are at the resort complex at Kaanapali. Fertilizers applied to maintain lawns are
believed to represent a potential nutrient release source, The golf courses are also irrigated with 1 to

2 inches of water per month,
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Figure 3-7. Locations of golf courses in the Lahaina District.








3.3.1.1 Napili Bay Golf Courses
There are three golf courses at Napili Bay: the Bay course, the Village course, and the Plantation

course. The approximate location of these courses are given in Figure 3-7. Fairway, greens, and tee

acreage for each course are given below:

Fairways Greens Tees Total

Course (acres) (acres) (acres) (acres)
Bay 150 3 2.5 155.5
Village 160 35 2.5 166
Plantation 175 5 5 185
Total 485 11.5 10 506.5 -

Nitrogen is applied at a rate of 1 Ib-N/acre per month on greens and tees and 0.5 [b-N/acre per month

on fairways. Phosphate is applied at one-tenth the nitrogen application,

Annual nutrient applications are as follows:

Nitrogen Application Phosphate
Area Rates Loadings Rates Loadings
(acres) (ibfacre/yr) (Ib/yr)  (Ib/acre/yr) (Ib/yr)

Fairways 485 6 2.9 x10° 0.6 029x10°
Greens and Tees 215 12 03x10° 1.2 003x10°
Total O 32x10° - 0.32x 10°

These nutrient lbadings represent only the golf courses at these resorts. However, the majority of the
acreage at these resorts is in the golf courses; the other common grounds and road berm areas are a

small fraction of total acreage and are less frequently fertilized.
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3.3.1.2 Kaanapali Point Golf Courses

Acreage and fertilizer schedules for the Kaanapali Point golf cdurses were not directly obtained from
the land owner for this study. However, County of Maui zoning information indicates the Kaanapali
Resort Area comprises 400 acres. Assuming the two golf courses comprise 338 acres (169 acres/
course as per Napili Bay average) and a fertilizer schedule similar to that reported for Napili Bay,

then Kaanapali yields the following loadings:

Area | Loadings (Ib/yr)
(acres) Nitrogen  Phosphorus
Fairways 323 1.9x 10° 0.19 x 10°
Greens and Tees 14 02x10° 0.02 x 10%
Total 21x10° 0.21x 10°

3.3.2 Storm Water Drainage Systems

Mahinahina, Kahana, and Honokowai Streams have been channelized for storm water drainage.
Existing and planned storm water drainage systems are given in Figure 3-8. Debris basins have also
been installed in the storm water drainage systems. The buildup of nutrients in debris basins and
subsequent discharge during storm events may represent a potential nutrient release source if sedi-
ments build up and are not periodically removed from the basin debris. The current schedule of

basin cleanout and the rates of sedimentation in these basins are unknown.

3.33 | Other Urban Sources

Pioneer Mill in the town of Lahaina is considered as a possible source of nutrients either through
operational upsets or extreme storm events. Pioneer Mill has NPDES discharge permits. However,
all waters are currently 100% recycled and there is no continuous discharge offshore. No discharges

have been reported under the NPDES permits for this facility in recent years.

Lawns and gardens at the 1,240 acres of Single and Multi Family residences may contribute to
nutrient releases; however, virtually no data has been compiled on fertilizer use by the community.

Given the areal extent, and typical lawn fertilizer schedules of 0.1 to 1 1b-N/acre per month, total
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Figure 3-8. Illustration of current and planned surface water channel works and desilting basins for
storm water drainage in the Lahaina District.
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nitrogen applications may be 1.5 x 10° to 15 x 10° 1b-N/yr. Phosphorus application rates are likely to

be one-tenth the nitrogen estimates.

Cesspools and septic systems are another nutrient source from residential facilities considered in this
study. Roughly five septic systems are in operation in the Lahaina District according to the State
Department of Health Records. These systems are scattered throughout the area, primarily near the
coastline, Assuming three people per household, these septic systems service roughly 15 people.
They often are below the sewer line elevation. Also roughly 300 residences at the Wahikuli Devel-

opment currently do not have sewer hook-ups.

The potential nutrients loadings from septic systems and cesspools is approximated by assuming 1)
wastewater volume of 100 gallons per day (gpd)/person and 2) septic system and cesspool discharge

water quality is that of primary treated wastewater. The nutrient loadings are summarized below:

Péople Wastewater Effluent Quality - Annual Loadings
System Serviced Volume Nitrogen Phosphorus Total N Total P
Current Status
Septic Tanks 15 1,500 20 mg/L 2mg/.  0.1x10°1b-N/yr 0.01 x 10°1b-P/yr
Cesspools 300 30,000  20mg/Liov) 2mgL  18x10°1b-Nfyr 0.2 x1 0°Ib-Plyr
182,000 00 10,9 %10 3h L0 /¢,

The largest current loadings are associated with the cesspool systems, which serve a larger residen-

tial community.

A few other activities/land uses that have been suggested as potential nutrient sources are:

¢ Decaying algae/seaweed on beaches
* Transporting and offshore dumping of algae that washed onto the beach

¢+ Discharge of resort fish ponds/filter backwash into ocean

Itis not currently possible to assess the impact of these practices or land uses because the frequency

and areal extent of these activities is unknown.
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4.0 Nutrient Release Potential

An assessment of nutrient use for several anthropogenic sources in the Lahaina District is presented
in Section 3. However, nutrient use in the terrestrial watersheds does not necessarily equate with
nutrient flux into coastal waters. In Section 4, nutrient release potential into coastal waters was
assessed for the LWRF effluent, sugar cane fields, pineapple fields, and golf courses. These nutrient
release estimates only apply to these anthropogenic sources and do not address natural nutrient

loading from surface water, grouhd water, and coastal waters.

| 4.1 Fate and Transport of the Wastewater Effluent

The pathway for migration of the effluent from the injection wells into the coastal waters is via
subsurface transport. The effluent enters the wells and presumably discharges into the subsurface
somewhere below the bottom of the shallow surface casing. Casing is set at 130 feet, 95 feet, 125
feet, and 130 feet in Wells 1, 2, 3, and 4, respectively. The exact depth(s) of discharge is unknown.

Given the injectivity potential of Well 2, a large fraction of effluent is typically disposed into Well 2.

The migration pathway from the discharge intervals in the injection wells to the coastal waters is notk'
known. Theré does not appear to be any subsurface monitoring data or subsurface modeling study
that specifically addresses the migration of the LWRF effluent from the injection wells. In the
absence of site-specific fate and transport analysis, the migration pathway of the LWRF effluent has
been inferred from a model-ing study for the Kahului Wastewater Reclamation Facility (Brown and

Caldwell, 1991).

4,1.1 Proposed Effluent Migration Pathway |

A modeling study was conducted for the Kahului Wastewater Reclamation Facility (Burnham et al,,
1977), located 25 miles north of the Lahaina Facility. The results of the Kahului modeling study
indicated that the Kahului effluent rises after entering the ground water due to buoyant forces. The

effluent in the Kahului ground water model spreads radially as it rises, forming a conical plume; the
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* top of this plume is displaced seaward. The results of the Kahului modeling study have been pre-

sumed by previous investigators to apply to the LWRF effluent.

Several factors may control where the LWRF effluent enters the ocean. Because effluent is less
dense than salt water, it may rise if buoyant forces dominate transport, However, the thickness and
areal extent of the sedimentary layer, which may prevent or slow upward migration of the effluent,
and the possibility of preferential flow through clinker beds or lava tubes could affect where it
actually enters the ocean. The flow of ground water in the basal lens and tidal action that influences

the mixing of the saline and effluent waters also may impact effluent migration. -

4.1.1.1 Uncertainty in Effluent Migration Pathway

There is a great deal of uncertainty in the migration pathway of the LWRF effluent, and it is unclear
whether the Kahului modeling results can be extrapolated to the LWRF given the hydrologic differ-
ences at these sites. The Kahului modeling study has never been validated with field observations or
data, and the Kahului modeling study was also conducted for a different hydrogeologic location. For
example, the lava rock aquifer at the Kahului site has been described to be overlain by residual soil,
clay, coral reef deposits, and marine sand, whiéh f(?gllf low-pcmeabiEgLW-con-

I

fines the lava rock aquifer (Burnham et al, 1977); water depths at the Kahului site within 5,000 feet
of shore are quite shallow, with the 18-foot depth located approximately 3,000 feet from the coast-

line. Conversely, at the LWREF, the presence of an effective cap rock is not known (the coastal
sediments are believed to be extremely permeable), and 18-foot water depths occur within 200 feet

of the coastline.

4.1.2 Nutrient Offshore Discharge Potential

No field data or studies define how the efﬂﬁent flows from the injection wells to the coastline. If it
is assumed that buoyant forces cause the plume to travel upward, intercept the unconfined ground
water at some point above, and flow seaward (as depicted in a conceptual model in Figure 4.1), then
the plume will rise into the basal lens very near the well. A two-dimensional ground water flow

model (SWIFT, Reeves et al., 1986) is used to approximate the migration of the effluent once it has
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Ground water conceptual model uniform flow in homogeneous porous medium.
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entered the basal lens and flows towards the ocean. The aquifer properties are in Table 4-1, and

streamlines calculated using the model are in Figure 4-2. This model approximation illustrates that

the plume may spread laterally 2,000 feet from the injection point prior to discharge offshore. The

time to the coast is estimated to be 50 days based on the average ground water velocity,

mean travel
B e,

e

-

but only 15 to 20 days for the effluent because of the increase in local ground water velocity in the

b n_—__‘__mu_‘n.dﬂu-.uuwm—u-u-——_)

vicinity of the injection wells.
. rm———

-

If it is assumed that the plume follows a preferential path such as a lava tube, or a clinker bed, this
would result in an alternative hydrogeologic conceptual model where buoyant forces are less impor-
tant, as shown in Figure 4-3. A two-dimensional ground water model (SWIFT, Reeves et al., 1986)
with heterogeneous aquifer properties waS used to estimate the effluent transport times and lateral
spread of the plume in such a channelized system. The results, given in Figure 4-4, show much

faster transport times and more limited lateral dispersion of the effluent prior to discharge offshore.

Transit time before discharge offshore is only 10 days. Both of these model estimates are unsubstan-
nated and based on limited hydrogeologic data and as such, they only provide estimates of the lateral
extent of the effluent plume and the transit time. A more likely conceptual model of the aquifer may
be some combination of the models given in Figures 4-1 and 4-3. However, both of these concep-
tual models indicate the discharge is going offshore; only the location and extent of the plume varies
for these conceptual models. The depth at which the effluent dischafges into coastal waters is not
known; however, it is assumed that the dischargé occurs as submarine seeps, which may or may not

)
rise to the ocean surface.

Transformation of nutrients in the effluent during transport to coastal waters may reduce the mass of
nutrients discharging offshore, Oberdorfer and Peterson (1982) investigated the fate of wastewater
in experimental wélls at the Waimanalo and Paalaa Kai Wastewater Treatment Plants on Oahu. The
results of their study support the development of a microbial biomass near the injection wells that

biodegrades organic particulates in the effluent and the establishment of denitrifying bacteria that
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TABLE 4-1: BASAL AQUIFER PROPERTIES

1)

2)

3

4)

5)

6)

Hydraul'?cfbnductivity
Average Thickness
Porosity

Dispersivities:  Longitudinal

Transverse
Natural Recharge

Irrigation Recharge

50 ft/day
20 ft
5%

12 ft
6 ft

12-18 inches/yr

32 inches/yr

UK
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Figure 4-2. Streamlines for uniform porosity flow from the LWREF injection wells to the ocean.
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Figure 4-4. Streamlines for preferential flow from the LWRF injection wells to the ocean.
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may transform nitrate to nitrogen gas. This denitrification process occurs only in low oxygen envi-

ronments; presumably, microbial activities must deplete oxygen before the process can proceed.

If the denitrification process is active during transport of the LWREF effluent to the ocean, it may
reduce the nitrogen mass that is ultimately discharged offshore. However, the presence of high
residual chlorine levels in the LWRF effluent may render this process ineffective or at least sevefely
restrict the rate at which the process proceeds. The effluent residence time prior to discharge off-
shore is also quite short relative to the long underground transport times usually associated with
ground water. Thus, denitrification may have very little impact on the LWRF during transport to the
ocean, An environmentally conservative assumption would be that this transformation does not

occur. Thus, all of the nitrogen mass would enter the ocean over the discharge areas.

Phosphate in the injection water may also be subject to both transformation and adsorption in ground
water. Oberdorfer and Peterson {1982) observed small decreases in dissolved phosphate at
Waimanalo and no decreases at Paalaa Kai. The decrease at Waimanalo was attributed to adsor%;tion
on the porous medium. However, the fact that decreases were not observed at Paalaa Kai suggests
that adsorption of phosphate in aquifers is not always an effective removal mechanism. The adsorp-
tive capacity of the volcanic rocks at the LWRF is-unknown. For the purposes of this study, trans-
formations of phosphate during subsurface transport are not considered, and the ultimate discharge

of all phosphate into the ocean is assumed.

4.2 Nutrient Release Potential from Agricultural Activities

The nutrients applied to sugar cane are not totally available for release into the environment. The
transport and cycling of nitrogen in sugar cane soils has been studied extensively; less has been
documented for phosphate. The following section summarizes the results of nitrogen cycling studies
conducted at several sugar cane fields in Hawaii. The direct applicability of these studies to Pioneer
Mill is not known because soil conditions, climate, and agricultural practices at Pioneer Mill may

differ from the conditions where these studies were conducted.
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4.2,1 Nitrogen

Borden (1945) reported a recovery of 50% of nitrogen fertilizer in harvested sugar cane; Takahashi
Later, Takahashi (1969) reported that nitrogen can also be recovered in succeeding ratoon crops,
such that total nitrogen recovery approached 47%. Based on these observations, it may be reason-

able to assume that only 50% of applied nitrogen is taken up by plants.

The fate of the remaining 50% of the applied nitrogen, however, is not well known and is the subject
of current research. Nitrogen that is not utilized by plants is subject to a variety of complex transfor-
mation and transport processes, including leaching in infiltrating soil water, binding to soil, transfor-
matibn to nitrogen gas by bacteria, and volatilization into the air. Takahashi (1964 and 1968) and
Ayres and Hagihara (1960) report that leaching was not a major removal process in several studies.
However, increases in nitrate concentration have been observed in wells near sugar cane production
areas in Hawaii (Tenerio et al., 1969); nitrate is known to be mobile in soil and ground water. :
Takahashi (1969) indicated that leaching losses of nitrogen would most likely occur soon after
fertilization. Khan et al, (1976) reported that nitrate accumulations under uncropped spaces were
highly susc_:eptible to leaching by rains. Stanley et al. (1990) monitored nitrate concentrations in
sugar cane for three N-fertilization rates and found that nitrogen leached beyond the root zone in all

cases. Daily irrigation applications may have contributed to loss of NO, from the root zone.

Volatilization is another form of nitrogen loss. Hagihara and Hilton (unpublished data) report losses
of 14% to 51% from urea and 1 to 33% from ammonium sulfate, Volatilization of ammonia, formed
by rapid conversion of urea in soil to ammonia, is the likely cause for these losses. Immobilization
of nitrogen bound to soil has also been suggested as a possible nitrogen loss mechanism (Broadbent
and Nakashima, 1967), although this nitrogen bound to soil may eventually become available at a

later time.

It is difficult to apply the results of this ongoing research to even estimate the fate of applied nitro-

gen in a single sugar cane field at Pioneer Mill. It is probably fair to say, given reports of small to
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negligible leaching losses at some sites, substantial leaching losses at others, and observations of

nitrogen in ground waters that:

+ there is no scientific consensus on the fate of nitrogen applied to sugar cane soils.

* the process is complex and likely to vary from site to site.

Green and Young (1970) stated that “it is not clear what happens to all of the nitrogen fertilizer

applied to sugar cane soils, but the rapid movement of nitrate in soil water indicates that leaching is

one probable pathway of loss.”

Given the several thousand acres considered for this nutrient assessment and the variability in soil
practices, agricultural properties, climate, and topography within this area, it is difficult to estimate
the fate of nitrogen fertilizer in this screening level study. At such a large scale and with the limited
resources and data available, it is not practical to apply mechanistic nutrient cycling models. Nutri-
ent cycling models reqﬁire site-specific data, which are not cun'éntly available, and site calibration to
make useful predictiéns of nutrient losses. Therefore, screening level approaches are consideret:I to
estimate the possible fate of the 50% of nitrogen that is not taken up by plants.A In particular, histori-
cal observations of nitrate in ground waters and surface waters in the Lahaina District are perhaps

- the best source of data regarding leaching losses for study covering such a large physical area. In
fact, for the large area addressed in this study, historical observations of nitrogen in ground and
surface waters may provide a reasonable best estimate of nitrogen loss that may be associated with
agricultural activities. However, these screening level estimates are subject to considerable uncer-
tainty because site-specific measurement of all parameters of interest are not yet available and

average general values were assumed for some parameters.

This assumes, however, that nitrogen in the basal lens is attributed to agricultural activities. The
validity of this assumption is not known, and it is possible that other sources that are not considered
in this study may contribute to the nitrogen observed in the basal aquifer. If other sources are found
to be important, this would lower the nitrogen estimates that are attributed to sugar cane in Sec-

tion 4.3,
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4,2.2 Phosphate

The fate of phosphate applied to agricultural fields is likely to be considerably different from nitro-
gen. Whereas nitrogen applied to soils is very mdbile, due to its rapid conversion to the anion
nitrate, phosphorus applied to soils is not immediately water soluble, Phosphorus typically sorbs to
soils, and many Hawaiian soils have a very high phosphorus fixing ability (Hammond, 1990). The
dissolution of total phosphorus applied to soil is very sensitive to: the form in which the phosphorus
is applied; soil pH; the phosphorus sorption isotherm for the soil; the plésence of iron, aluminum,
manganese, and calcium ions; and the abundance of clay and organic matter in soils (Hammond,

1990). Phosphorus is applied at Pioneer Mill through water in the green acid form,

The limited solubility of applied phosphorus in soil water and the sorption of phosphorus greatly
restricts the migration of phosphorus in ground water. One of the soil types in the Lahaina District,
hydrol humic latosols, has been observed to retain phosphorus so strongly that the movement of the
phosphorus ions is essentially negligible (Green and Young, 1970). Therefore, it may be reasonable
to assume that leaching from sugar cane or pineapple fields is not a likely migration pathway for -
phosphorus. The primary pathway for phosphorus migration to the ocean is likely to be via soil

erosion and surface water runoff.

4.3 Ground Water Transport
Despite the uncertainty in estimating the uvitimate fate of the 50% fraction of applied nitrogen that is

not taken up by plants, several factors are clear:

1) Ground water in Hawaii (Mink, 1962; Visher and Mink, 1964) and Lahaina (Souza, 1981)
show increased nitrate levels that strongly appear to be associated with sugar cane fertili-
zation.

2) Studies have shown elevated nitrate concentrations leach beyond the root zone in sugar
cane fields (Stanley et al., 1990). Soil water nitrate concentrations in the range of 0 to 100

mg/L have been observed (Stanley et al,, 1990).
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3) Ground water nitrate concentrations over 0.25 mg/L have been cited as indicative of
agricultural recharge in the Lahaina District basal ground water.

4) “There is no question that nitrogen in nitrate form is not wholly retained in the soil under

the action of leaching water” (Takahashi, 1967).

Thus, it seems likely that some of the applied nitrogen of Pioneer Mill is transported to the basal
aquifer. Given the earlier observations of nitrate in the Honokowai and Launiupoko basal aquifers
(Souza, 1981), it is possible to estimate possible nitrate losses from sugar cane agriculture for the

large area addressed in this study.

Two different approaches are used to estimate nitrogen leached to the basal aquifers. The first
utilizes the hydrologic budget for the basal aquifers to estimate nutrient inflows, outflows, and
concentrations in the aquifers. The approach utilizes a steady-state ground water model to more

precisely estimate the nitrate concentration in agricultural recharge.

UK

Aquifer Budget

The volume of ground water recharge entering the Honokowai and Launiupoko basal aquifers is
given as 23 mgd (M&E Pacific, 1992). The 23 mgd agrees with a 1981 estimate that 25% of agri-
cultural irrigation water in the area (90 mgd) returns to the ground water (Souza, 1981): 25% would

result in a recharge of 22.5 mgd.

While the nitrogen flux that leaches to the basal aquifer from agriculture is highly uncertain, the
1981 average nitrate concentration in the Honokowai and Launiupoko basal aquifers can be esti-
matéd from the earlier nitrate contour map by Souza (see Figure 2-10) as 1.26 mg/L. The net aquifer
inflow due to agricultural recharge (22.5 mgd), the net aquifer inflow due to precipitation (29 mgd),
the nitrate concentration of uncontaminated ground water (0.1 mg-N/L), and the 1981 average
concentration in the aquifer (1.26 mg-N/L) can be used with the following water balance to estimate
the average nitrate concentration of agricultural recharge as follows:

Crp = S8 * Cov Qv ~ @1)
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C,e =2.7 mg-N/L
where ——
C,ye = 1.26 mg-N/L Q,, =29 mgd
C,., =0.1 mg-N/L Q,, =22.5mgd

This would correspond to an agricultural release rate to ground water of 185 x 10° 1b-Nfyr, which is
roughly 15% of the applied nitrogen. This estimate assumes steady state and complete mixing

within the aquifer, based on 1981 data that may not necessarily be representative of the 1993 ground

water quality.

Ground Water Model

A steady-state three-dimensional ground water model (SWIFT, Reeves et al., 1986) was developed
for the Honokowai and Launiupoko basal aquifers as shown in Figure 4-5. The model was con- i
structed using a 40 by 22 mesh grid where each grid block measured 1/4 mile by 1/4 mile. The i
northern and southern model boundaries were simulated as no-flow boundary conditions; these
model boundaries were chosen to coincide with the northern and southern limits of the Honokowai
and Launiupoko basal aquifers given by Mink (1984). The eastern boundary was chosen as the
boundary given by Mink et al. (1984) for the basal aquifers and dike impounded high-level ground
water aquifers. The eastern boundary was applied as a no-flow boundary. T}.l.e western model
boundary was chosen as the coastline, with a constant head of 0 foot msl. The aquifer thickness

varied from 30 feet at the eastern boundary to 10 feet at the western boundary to simulate the thin-

ning of the basal lens near the ocean,

The aquifer properties used in the model are given in Table 4-1. Recharge due to infiltration of
precipitation was 12 inches/yr across the entire Honokowai model area and 17 inches/yr across the
Launiupoko model area. An additional 32 inches/yr of recharge was applied over the agricultural

areas as shown in Figure 3-4; the nitrate concentration in the recharge from agricultural areas was
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Figure 4-5. SWIFT model-predicted heads in Honokowai and Launiupoko basal aquifers.
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varied from 50 ug-N/L to 125 mg-N/L. Pumpage from Pioneer Mills, Kaanapali, Kapalua, and the

County of Maui DWS was included in the model.

‘The aquifer model was run for a 10-year period to predict water through-flow and nitrate concentra-
tion, Table 4-2 summarizes the aquifer water fluxes predicted by the model. The model predicted
that aquifer fluxes agree reasonably well with those given for the ‘B’ aquifer system in the recent
County of Maui Water Supply Plan (M&E Pacific, 1992). The aquifer head is contourerd in Figure
4-5. The head varies from nearly 1 foot at the coast to roughly 9 feet at the eastern boundary of the
basal aquifer. Water level data in the area is relatively sparse, but the heads generally match those

reported in USGS Monitoring Wells (USGS, 1988).

The areal contour of vertically averaged nitrate concentration in the aquifer is given in Figures 4-6,
4-7, and 4-8 for agricultural recharge nitrate concentrations of 0.05 mg/L, 125 mg/L, and 2.5 mg/L,
respectively. These figures represent only the increase in nitrate above background levels. Compar-
ing the model predicted increases in nitrate concentrations in Figures 4-6, 4-7, and 4-8 with the ]
observed data in Figure 3-6, it would appear that agricultural recharge nitrate concentrations of 2.5
mg/L generates an areal nitrate concentration distribution that most closely matches those reported

~ by Souza in 1981 (Souza, 1981). The model results in Figure 4-8 do not agree exactly with field
observations; these differences are likely to be attributed to assuming spatially uniform aquifer

properties, spatially uniform quantity and quality of recharge on agricultural land, steady-state flow,

and conservative transport of nitrogen in the aquifer.

These results, however, do demonstrate that nitrate concentrations observed by Souza are more
consistent with agricultural recharge leaching into the basal aquifer at a concentration of 2.5 mg/L.
Nitrate concentrations of 0.05 mg/L and 125 mg/L result in increases in aquifer concentrations that
are significantly below and above, respectively, those that were observed by Souza in 1981. The
nitrate flux from sugar cane sources for an average recharge concentration of 2.5 mg-N/L is

167 x 10° 1b-N/yr. The estimated nitrate flux from pineapple assuming an average concentration of

2.5 mg/L and 2 mgd irrigation return from pineapple (see Table 2-4) is 15 x 10° 1b-N/yr; the lower
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TABLE 4-2: AQUIFER WATER BALANCE FOR MODEL OF HONOKOWAI AND

LAUNIUPOKO AQUIFERS
Model
Total Recharge (mgd) 42
Pumpage (mgd) 17
25

Outflow to Sea (mgd)

I
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Figure 4-6. SWIFT model-predicted nitrate concentrations in Honokowai and Launiupoko basal

aquifers assuming an agricultural Ieachate concentration of (.05 mg-N/L.
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Figure 4-7. SWIFT model-predicted nitrate concentrations in Honokowai and Launiupoko basal

aquifers assuming an agricultural leachate concentration of 125 mg-N/L.
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Figure 4-8. SWIFT model-predicted nitrate concentrations in Honokowai and Launiupoko basal
aquifers assuming an agricultural leachate concentration of 2.5 mg-N/L.
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value for pineapple is attributed to the lower volume of irrigation water associated with pineapple.

The estimated nitrate flux from golf courses assuming 2.5 mg N/L leachate is 1 x 10° [b-N/yr.

4.4 Surface Water Transport

Nutrient transport in surface water runoff is another possible pathway for nitrogen migration from
agricultural sources to the coastal waters. Intense rain storms in the Lahaina District cause soil
erosion, sedimentation, and flooding (USSCS, 1992). Sediment in storm runoff occasionally turns
the nearshore ocean waters of the Lahaina district a reddish-brown color. A number of flood control
projects have been implemented or are planned in the Lahaina District to reduce flooding, soil

erosion, and sediment discharge offshore.

High intensity rainfall, which erodes fields and roads, also produces runoff from the sugar cane
fields (USSCS, 1992). To reduce erosion, infield terraces have been constructed to divert flows to
adjacent drainages, and concrete-lined irrigation and storm ditches have been constructed to divgrt
some of the runoff to reservoirs and streams. However, the terraces and ditches are only designgd to
handle commonly recurring storm events, and runoff generated by intense 2- to S-year storms over-
tops the ditches (USSCS, 1992). These intense storms produce sediment and nutrient loads té

coastal waters; work by Grigg (1983) documents the impact of such a storm on Kauaula Stream,

The estimated average gross erosion rate on sugar cane fields located in the Lahaina watershed has
been recently estimated by the U.S. Soil Conservation Service (USSCVS) to be 9.6 tons per acre per
year (USSCS, 1992). However,-only‘a:fraction-of-the-gross erosion-amount-is-actually transported
off of the sugar cane fields, and as much of-the sediment is redeposited-in the fields. The quantity of
sediment that is transported downstream to the oceén, called sediment yield, has been estimated to

be roughly 4,000 tons/yr from the Lahaina Watershed.

Nutrients used in sugar cane cultivation attach in varying degrees to fine sediment particles and may
be transported downstream in direct runoff, For example, analysis of nutrient levels off Kauvaula

Stream during and after a major storm in December 1982, showed a nutrient pulse during the storm.
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Model Predictions

Models can also be used to predict water quality in surface watef runoff from the Lahaina District
watersheds, Watershéd-scale modeling approaches can be categorized as screening methods, mid-
range models, and detailed mechanistic models. Screening methods provide a rapid means of identi-
fying critical areas with limited resources and data. Screening methods may be used to assess the
relative significance of different sources, to guide decisions for future management plans, and to
focus monitoring efforts (USEPA, 1992). Mid-level watershed models evaluate sources over broad
geogfaphic scales and can assess seasonal or interannual variability of source loadings. Mid-level
watershed models typically require site-specific data and some level of calibration. Detailed mecha-
nistic models use storm event or continuous simulation to predict water flow and water quality.
These detailed mechanistic models may be more accurate than the other approaches; however, they
require calibration and extensive resources and data to implement. Given that the objective of this
nutrient assessment is to rank possible nutrient sources in the Lahaina watersheds to focus monitor-

ing activities, and that the resources and data available for the preliminary nutrient assessment are

quite limited, the best modeling approach for this study is a screening method.

The EPA Screening Procedures developed by the EPA Environmental Research Laboratory in
Athens, Georgia (Mills et al., 1985), to calculate pollutant loads from point and nonpoint sources are
used for preliminary assessment of nutrient runoff in the Lahaina District. These procedures consists
of loading functions and simple empirical expressions relating nonpoint pollutant' loads to other
readily available parameters. Data required includes information on land use/land cover, manage-

ment practices, soils, and topography. oo , ;

The screening procedure estimates annual loadings from multiple diffuse sources based on loading
functions available for various land uses and activities, including irrigation return flows from agri-
culture. The only site-specific data that is available for West Maui are runoff estimates. Water

quality data is not currently available and is assumed in this screening level analysis. The screening
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analysis also assumes uniform runoff throughout the year. These two assumptions place severe

limitations on the accuracy of the screening level method.

Runoff is estimated from the County of Maui Water Supply Plan (M&E Pacific, 1991), and sediment
yield is calculated from the Universal Soil Loss Equation (USLE). Soil concentration and dissolved

runoff concentrations are determined from default values available from EPA’s Athens Laboratory.

Nitrogen, phosphorus, and sediment are modeled using the preceding approach. The limitations of

the approach are the following:

¢ Uses default parameters.
+ Neglects seasonal variation.
+ Does not consider control practices except through assumption of a constant removal rate

or changes in USLE parameters.

To employ as much site-specific data as possible, the water budget data from the County of Maui

Water Supply Plan is used to estimate runoff and infiltration in the Lahaina District watersheds.

The annual loading of total dissolved nitrogen and phosphorus in agricultural runoff was calculated
by estimating the quantity of runoff from the fields in Maui and assuming total dissolved runoff
concentrations for agricultural runoff reported by Mills et al. (1985). Runoff volume was calculated
for each sector using the sector area, runoff, and surface water diversion to calculate net sector
runoff in mgd. The fraction of runoff from agricultural field crop acreage was then assumed to be
linearly proportional to total sector acreage. This procedure assumes that the rainfall, irrigation, and
curve number for the crops are roughly equivalent to the average rainfall, irrigation, and curve
number for the entire sector. Although rainfall is known to vary spatially within the watershed, the
irrigation volumes and field conservation practices are not currently available on a field by field
basis. Thus, this linear assumption was made for this screenihg level analysis because more site-
specific data are not available. However, applying this methodology to the Lahaina watershed was

found to replicate the nutrient concentrations within a factor of two reported by Grigg (1983).
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Runoff guality was calculated using the average dissdlved nitrogen and phosphorus concentrations
reported for five agricultural crops of 2.6 mg-N/L and 0.21 mg-P/L, respectively (Mills et al., 1985).
Total runoff and dissolved nutrient loadings are given in Table 4-3 and 4-4 for sugar cane and
pineapple, respectively, Total dissolved nitrogen loading was 24 x 10° 1b-N/yr from sugar cane and

57 x 10°1b-N/yr from pineapple.

Solid phase nitrogen and phosphorus loadings were calculated for each crop in each sector by as-
suming soil loss of 2 tons/acre/year and a sediment delivery fraction of 10 percent; the range of soil
loss for sugar cane fields has been reported to be 2 to 20 tons/acre/year (USSCS, 1992) and sediment
delivery fraction for the Lahaina District watersheds area to be from 0.1 to 0.3. These estimates of
sediment loadings were intentionally on the low end of the ranges to reflect the field programs
implemented by agriculture in recent years in response to the USSCS program for reducing soil

erosion losses to between 2 and 5 tons/acre/year.

The sediment quality was estimated by assuming solid phase nitrogen and phosphorus soil concen-
trations of 2,000 mg-N/kg of sediment and 1,000 mg-P/kg of sediment, respectively (Mills et al.,
1985). The sediment nitrogen concentration was calculated assuming the soil organic matter fractidn
was 4%, and the soil organic matter was estimated assuming the soil was 5% percent nitrogen, The
sediment phosphorus concentration was estimated assuming the soil was 0.23% phosphoric acid
(P,0O;). The total sediment nitrogen and phosphorus loadings are given in Tables 4-3 and 4-4 for

sugar cane and pineapple, respectively.

The same procedure was employed to estimate dissolved and particulate runoff from golf courses,
and the results are given in Table 4-5, Total nitrogen and phosphorus loadings are 1.8 x 10° 1b-N/yr

and 0.4 x 10° 1b-P/yr, respectively.

The estimates presented above are calculated using screening level procedures and very little site-
specific data. The only data that are actually from West Maui are the quantity of runoff, averaged

over an annual basis and over entire watersheds. The temporal and spatial variability in runoff is
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likely to have a significant impact on actual nutrient releases via surface waters, yet these factors are
not considered in the screening analysis. The nutrient concentrations in both runoff and sediment
were not taken from West Maui data because measurements were not available. Nutrient concentra-
tions were estimated based on measurements from five agricultural crops, none of which were sugar
cane or pineapple, which were not located in West Maui. The application of the nutrient concentra-
tion data to West Maui is unknown; for example, runoff at Pioneer Mill is likely to yield less than
2.6 mg-N/L given that their nitrogen is applied 6 inches below the surface rather than at ground
level. The net result of such assumptions, which may be overly conservative for the West Maui area,

is a great deal of uncertainty in these screening level estimates,
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5.0 Ranking and Comparison of Sources

Section 3 presents first screening level estimates of nutrient application rates for several anthropo-
genic sources’ contribution to the total nutrient input into the Lahaina District environment. Section
4 presents alternative screening level estimates of nutrient release rates for several anthropogenic
sources’ contribution to the total nutrient input into the Lahaina District coastal waters. The nutrient
application rates presented in Section 3 are less subject to uncertainty than the nutrient release rates
presented in Section 4; therefore, they provide a more reliable indicator of the nutrients that may
potentially be released from each source. However, while it appears that essentially no difference
existed between the quantity of nutrients applied at the LWRF and the quantity released into the
coastal waters, there is a significant difference between the quantity of nutrients applied to sugar
cane and pineapple and the quantity of nutrients that are likely to be transported from sugar cane and
pineapble fields into coastal waters, Therefore, the nutrient release rates, though more uncertain,

may provide a more reliable indicator of the nutrients from each source that actually reach the ocean.

Section 5§ summarizes both the nutrient application rates and nutrient release rates for the anthropo-
genic sources of the Lahaina District. The application and releases from these sources are then used

to develop an overall design for the field programs planned for this study.

5.1 Nutrient Applications

Annual nutrient application rates from the LWREF, sugar cane, pineapple, raw wastewater spills,
septic system and cesspools, and golf courses are compared in Figures 5-1 through 5-4. Figures 5-1
and 5-2 compare nitrogen applied at these sources on linear and logarithmic scales, respectively.
The largest nitrogen loading in the watershed is associated with sugar cane, Nitrogen use for pine-
apple is 30% lower than sugar cane, such that only a small difference exists between these sources
on the logarithmic scale (Figure 5-2). The LWREF ranks third in terms of nitrogen application, with a
nitrogen loading roughly one order of magnitude less than either sugar cane or pineapple. Golf

courses rank fourth in terms of nitrogen loading, with nitrogen loading two orders of magnitude
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Figure 5-1. Lahaina District nitrogen use by source: linear scale,
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Figure 5-2. Lahaina District nitrogen use by source: logarithmic scale.
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Figure 5-3. Lahaina District phosphorus use by source: linear scale.
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Figure 5-4, Lahaina District phosphorus use: logarithmic scale.
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~ below sugar cane or pineapple. Septic tank and cess;ﬁools rank fifth, and wastewater spills rank

sixth, with sources 2.5 to 3.5 orders of magnitude, respectively, less than sugar cane or pineapple.

Figures 5-3 and 5-4 compare phosphorus applied at these sources on linear and logarithmic scales,
respectively. The LWRF makes the largest contribution to phosphorus applications, followed by
sugar cane, pineapple, golf courses, septic systems and cesspools, and wastewater spills. The LWRF
effluent, sugar cane, and pineapple phosphorus loadings are the three largest sources, and they are all
roughly of the same order of magnitude (Figure 5-4). Golf courses and septic/cesspool systems have
phosphorus loadings roughly two orders of magnitude less than the three largest sources. Wastewa-

ter spills rank roughly five orders of magnitude below them.

The comparisons of Figuré 5-1 through 5-4 encompass the entire Lahaina District of West Maui.
The application rates are also estimated for the Honokowai Aquifer Sector, a more defined study -
area, to determine the sensitivity of the nutrient rankings to the chosen study area. As discussed in
Section 2, the areal extent of potentially impacted coastal waters is unknown, but it is likely to be
centered around the area offshore of the Honokowai aquifer sector. Figure 5-5 presents nitrogen
application rates for the Honokowai sector, which roughly corresponds to the area south of Kahoma
Stream and north of Kahana Stream. As illustrated in Figure 5-5, the ranking for the sources is
relatively insensitive to the chosen study area. Reducing the study area size 75%, from roughly 89
square miles to 23 square miles, resulted in decreases in nitrogen applications of 0%, 45%, and 60%
for the LWRF, sugar cane, and pineapple, respectively. Total nitrogen loadings only decreased 50%.
The terrestial area of interest would need to be reduced to 6 square miles, or roughly one-half mile
north to one-half mile south of the LWREF, for the nitrogen loading associated with sugar cane to
drop below that for the LWRF. The areal sensitivity indicates that the ranking oi’ important sources
is not terribly sensitive to the extent of the considered study area because there is a relatively large
concentration of loadings in the Honokowai Sector. The Olowalu, Ukumehame, and Honokohau
sectors contribute only 14% of the nitrogen loadings, yet they comprise 35% of the Lahaina District

acreage.
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5.2 Nutrient Flux into Coastal Waters

The screening level estimates of nitrogen and phosphorus flux from major anthropogenic sources
into the West Maui coastal waters are compared in Figures 5-6 and 5-7, respectively. The largest
source of nitrogen flowing into coastal waters is estimated to be sugar cane; the LWRF effluent
ranks second; and pineapple, third. All three of these sources are estimated to be on the same order
of magnitude, while golf courses are estimated to be roughly two orders of magnitude lower iﬁ

nitrogen flux.

The LWRF effluent is estimated to be the largest source in terms of phosphorus flux; sugar cane and
pineapple are estimated to rank second and third, respectively, and are both estimated to be roughly

one order of magnitude lower than the LWREF effluent.

These nutrient fluxes are estimated assuming that:

*  All LWRF nutrients eventually discharge offshore.

*  Nitrate is transported through ground waters in accordance with historical
observations.

*  Agricultural activities are the only sources impacting ground water quality (this may
not necessarily be true).

*  Phosphorus is transported primarily through dissolved and solid phase surface water

runoff,

Figure 5-8 shows general estimation of the fate of nitrogen applied to sugar cane fields based on the
screening analysis presented in this study in Sections 3 and 4. While roughly 50% of the nitrogen
applied is thought to be taken up by plants, the fate of the remaining 50% is less certain. 15% is
thought to be transported through the ground water pathway, 2% through the surface water, and less
than 1% by sediment transport. A total of 32% of the nitrogen is not explicitly accounted for in this

analysis and may be lost by biclogical transformations and volatilization to the atmosphere.
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Figure 5-6. Screening level estimates of nitrogen flux into Lahaina District coastal waters.
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Figure 5-7. Screening level estimates of phosphorus flux into Lahaina District coastal waters.
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Figure 5-8. Nitrogen utilization as estimated in this screening level study.
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5.3 Study Design

The nutrient assessment presented in this investigation focuses on both nitrogen and phosphorus
because of the uncertainty of which of these nutrients, if either, are responsible for increased produc-
tivity in the West Maui coastal waters, Nitrogen is often thought to represent the limiting nutrient in
nearshore coastal waters. However, the nitrogen and phosphorus ratios in the Department of Health
data do not conclusively support the assumption that nitrogen is the limiting nutrient. Therefore, at
this time, future studies are planned to focus on both nitrogen and phosphorus loadings as the pos-

sible limiting nutrient,

The nitrogen application and fluxes estimated in this report indicate that the LWRF, sugar cane, and
pineapple are by far the largest sources of anthropogenic nitrogen in the Lahaina District. These
sources also appear to be similar in magnitude, and at this time it is probably not possible to deter-
mine which of these sources contribute the most nitrogen to coastal waters. Based on total nitrogen
use, agriculture is the largest source. Based on total phosphorus use, the LWRF is the largest source.
However, it may be unreasonable to base the ranking solely on nutrient applications since the égri-
cultural nutrients are applied to enhance crop productivity whereas the LWRF nutrients are waste

products in the disposed wastewater effluent.

This study provides a comparison based on the nutrient loadings released from these sources and
shows nitrogen fluxes of roughly equal magnitude for all sources and phosphorus fluxes that are
greatest for the LWRF. However, a number of assumptions were required to make the comparisons
based on nutrient releases, and therefore, these flux comparisons should be viewed solely as screen-

ing level estimates.

The source comparisons indicated that:

*  No single source can be identified that dominates nitrogen release in the Lahaina
District.
*  The ranking of sources is relatively independent of the study area size, assuming the

A
area is to be centered around the LWRF.
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e Large total nutrient loads (50% of total) are associated with the Honokowai Sector

(25% of the Lahaina District). -

Therefore, future field activities will focus on this area, which represents a large source in a rela-

tively compact area. The limited resources dictate that initial field efforts focus on a single source.

Given the large total releases of nitrogen and phosphoruls associated with the LWREF effluent, the
large phosphorus releases in the LWREF effluent relative to other sources, and the point source nature
of disposal, the LWRF effluent would seem a logical source for investigation. The impact of the
LWREF effluent has not been previously assessed in a comprehensive field program, while the impact
of agriculture on the Lahaina District ground and surface waters have previously been more thor-
oughly investigated. In addition, the Department of Health coastal water quality data does show

elevated nutrients in the coastal waters in the vicinity of the LWRF.

5.4 Recommendations
The primary objective of this nuirient assessment study was to identify and quantify the sources of
nitrogen and phosphorus that may impact the coastal waters of West Maui. The major nutrient

sources identified were:

*  Lahaina Wastewater Treatment Facility effluent
*  Leaching and runoff from sugar cane fields

+  Leaching and runoff from pineapple fields
There are several recommendations for further investigations:

+  Locate nutrient sources more precisely.

*  Account for complex hydrology at surface waters in West Maui.

+  QGather nitrogen and phosphorus data in surface, ground, and coastal waters,

+  Conduct a detailed field-based nutrient transport study of agricultural uses monitoring

surface water, ground water, and the unsaturated zone.
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Because of a lack of data, it has not been possible to more precisely pinpoint nutrient sources. How-
ever, sources can be more precisely identified if detailed land-use data were available from land
owners. It has also been difficult to completely account for the complex hydrology of the West
Maui surface waters. Irrigation diversions, precipitation, and surface and subsurface return flows
need to be more accurately quantified since they comprise an integral part of the nutrient transport
system. Irrigation data, in particular, is needed on a field-specific basis before detailed watershed
studies can be conducted. Finally, because the results presented in this repért are based primarily on
hydrologic data, detailed sampling programs are needed to gather nitrogen data and to reliably
quantify loadings from the LWREF effluent, streams, irrigation return flows, and offshore ground

water discharge.
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Here is the conference bridge info for our meeting it SOEST
tomorrow:

Date: Thur Feb 24, 2011
Start Time: 10:00 am
End Time: 12:00 pm
Ports: 5

Conference #:
From Campus: 78610
From Oahu: 957-8610
From the Mainland/Neighbor Islands: 1-808-957-8610

Conference Password: enter 1414 followed by "#"
Thanks for participating.

Craig

On Feb 23, 2011, at 10:11 AM, Rumrill.Nancy@epamail.epa.gov wrote:

Thanks for the message Craig. We've talked to DOH about this
sampling and understand that you have experience in seep
sampling techniques. | would like to hear your discussion too.
I have a conference room at 12 noon PST for you to include us.
Call me at 415-947-3546 (wait a few minutes after the hour to
call) or provide a number for me to call.

Thank you, Nancy

From: "Craig R. Glenn" <glenn@soest.hawaii.edu>

To: Watson Okubo <watson.okubo@doh.hawaii.gov>, Dan Chang <daniel.chang@doh.hawaii.gov>, Wendy
Wiltse/R9/USEPA/US@EPA, Cindy Barger <cindy.s.barger@usace.army.mil>, rbabcock@hawaii.edu, "Aly 1. El-
Kadi" <elkadi@hawaii.edu>, Bob Whittier <whittier@hawaii.edu>, Hudson Slay/R9/USEPA/US@EPA, Nancy
Rumrill/R9/USEPA/US@EPA, Benny Hagedorn <khagedor@hawaii.edu>, Henrieta Dulaiova

<hdulaiov@hawaii.edu>
Date: 02/22/2011 05:27 PM

Subject: Lahaina Tracer Meeting

Hi,

This is to remind you that we are hosting a meetin? called
by Watson Okubo to discuss field sampling and sample
analyses in association to the proposed Lahaina Tracer
Tracer Study. The meeting will be held at UH in POST 802
this Thursday 2/24 at 10AM.
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Hope to see you there.

Craig

Craig R. Glenn, Professor and Associate Chair

Dept. of GeologK & Geophysics, School of Ocean and Earth
Science and Technology

1680 East-West Road, POST BU|Id|ng Room 701

University of Hawaii, Honolulu, 96822

email: glenn@soest. hawai i .edu Tel: 808-956-2200, Cell:
808-394-5155
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